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Science^ the study of which originated as the intellootiml 
hobby of aoin© leisurely people, has now developed into the conscloua 
effort of a«n to control his environment, Inquisitiveness and 
pmctical ^ina were the two main motives behind the study of Science, 

Its Mnifold applications to industries, commerce, agriculture, food, 
sanitation and health and transport and communications have practi* 
cally changed the very mya of lummn living. Though this mrvelXous 
change is due to the applied scionces it should be remembered that 
those applications were made possible only by the disinterested pur¬ 
suits of many pure scientiats. This reallwtion has led the public 
to oheriah greater interest in science and sclonca education, 

The potentiality of aclonc© has so much developed during the 
last fifty years, that every field of human activities is pervaded by 
its Im^iact, This impact Ma begun to revolutlcnlse humn civili¬ 
sation on a line of its own. But the giant strength it has acquired, 
threatens every now and then, tha very existence of nmnklnd. Every 
thinker at present, la deeply perplexed over the possibility of the 
total destruction of huimn civilisation as a result of directive the 
enoromoua power of science in inhu3f!»n channels. Though science 1ms 
blessed lEn with plenty of benefits it can lend Its power for his 
destruction as well, so, science is blandishing before us as a double- 
edged sword. Yet, science hat com© to stay. Its iapkot on life 
cannot b» prevented. Its potentiality, both as a knowledge and a# 



- xll - 


a powor to action, bas enaurad bho progress of rtankind. But no 
one can forget bhe tavoo It caused during the last two ^mra. How 
are vra bo avert tMs situation? The intallecb of rrnn that ora¬ 
ted the weapon, should also enable him bo evolve bh© requisite 
priAdenc©, aklll and will powor to use it in the greater interest 
of mankind. Then only it will be possible to avert the Inevit¬ 
able triumph of the doatructive potentiality of aoienoe. 

It la universally realised tliat human thou;/hts have not pro- 
grosaad at bh© ssujio speed as solonce and technology. This uneven 
progress of mankind has been responsible for this potential threat 
to civilisation. Thus the world is wltnossing to-(fey, a raca be¬ 
tween clvillaabion and cabasbropho. A conacloxia effort on the part 
of man has yet to take place to avert the triumph of the latter, Tn 
the history of human civilisation, never ms there a greater chal¬ 
lenge bo our intellect i In all such critical momeaits the aoverelgri 
remedy is to be sought throuj^ education. In other woris, a search 
into, and a reorganisation of education should follow. Education 
so organised,aM 11 aim not ms^rely at th© devalopmont of our children*© 
ability to control nature, but also at the development^prudence, 
skill and will power bo use It in th© bettor Interest of mankind* In 
other words, the huiuari aide of science has to b© given its due Ira- 
porbanc© in our science programme tn schools and colleges. Suii a 
programme of science cannot operate itien calculated doses of infor- 
natlon are imparted through th© •tricks of -th© trade*, Hather, m 
have to evolve a total programme that ensures the dov 0 lopKiai.t of a 
true scientific persomllty in our children, Hunmniby, oonsiat- 
ing of such mmi and women, will be able, not only to control rntture 
but also to control them selves and their ablings. It Is sudi 



wen and women that th© new order of sciety envisages for this 
age of industrial civilisation, 

Th© challenge to our intellect is a direct challdng© to our 
education. It 1 ms to reorient and reor^inis© itself such as to 
meet th© new demand. While r8orj-5anlsing th© sctanc© programm©, 
the first probleit] w© have to face 1 © '’. 7 hy science for mnkind 
TWb ia a problem primarily, £hr the philosophers and thinkers. 
Secondarily, it ia a i^roulem for administrators and teachers. Th© 
latter will have to depend on the former both for guidance and for 
inspiration on this point, India which Is in a tmnsitlon from 
the agmrlan to the Industrial civilisation, has daterminad to go 
ahead with th© industrialisation of the country. It ha s also re¬ 
solved to evolve a society te sad m scionc© and tw^chnology. At 
th© sanio timo it has mad© it clear tliat th© achlovamant of science 
ahoulel bo only for th© good of mankind. This national policy, 
of course, should fiilly refloct in cur educational system, parti¬ 
cularly, in the orjyinisatIon of scientific and technical education. 

We Imve to sifepup our industries. This depends upon our ability 
to expand the provlolf.n and scop© of technical education. This 
demands ,ln its tum,th© orgenitation of a continuous programme of 
scionc© education from th© primary to the University level on one 
hand, and to tt» social and adult education level on th© other* 

The second probleoi ttet fhcas the country Is »ln what fom 
to t©ach Bcience This Is tminly th© problwn for th® thinkers, 

adminlstmtors and educators. The country ia proceeding accord¬ 
ing to plan, to extend the scope of, and the provision for eclecbiflo 
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fh,« ofchei* aspect Iv^ th® huimn sljda of aoleno® ©dueatlon* 
soimm education will have to include all those items that can 
Inouloate in the minds of children, an appreciation of the human 
«nd^vour underlying the development of science and a r«ili»tion 
of th© Ihot that there is pleiitj of scope in science, for the wor- 
ahip of l^auty, Truth and Power, These are the highest goals 
tlmt the best of humanities can aim at. Keeping these principles 
In view we have to reorient our aclenoa curriculum. This la an 
essential re organ l»Ation to take place, particularly, at the post¬ 
graduate, technical and professional levels of science education, 

It Is this human aspect of science that w© have to supplement to 
©fiaure a science programme suited to our culture pattern, and which 
can ensure the harmonious growth of our thou^ts and civiltion. 

The third problem tMt faces ua Is »In v^hat ways to teach 
science Thia ia a problem rolatod more to the means rather 

than to the goal, and a© auch, our thinkers and administrators are 
not 30 much concerned about it. It Is mainly a problem to the 
educational institutions and teachers as it la their responsibility 
to work in such a my as to r^llae the goal before them. The 
fctahnique of morely Imparting the ft eta of sclenoo, Should so 
evolve as to ensure the devalopnant of a true scientific poraoimlity 
in, our children. This technlqu© of teaching should be adopted 
not merely in the cultural colleges but also in the professional 
and technical institutions. The main features of such technique 
should b© so designed as to ensure the realisation of some of the 
nobler objectives of science instruction which are pmctically 
negloctod at present. 
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It thepeforei beoowes the rasponglbility of educatlonlstB to 
psoriant the science progparmtse sucb. a s to supplement the hunmn 
aspect that is glaringly absent at present. Our industry and tach- 
nology are wipldly developing to keep pace with our expanding eco¬ 
nomy, It becomes inevitable, to reorfyiniae and strengthen scien¬ 
tific and technical education In the country. It la gratifying 
tfi note that the Government of India have decalred their policy to 
assist science education in all Its forms as envisaged in their 
recent statement before both Houses of Parliament. Meanwhile j» 
it is for the science teachers and educators to evolve suitable 
aclence programme s? tecliniques of tea chlng ^reading mterials and 
other aspects connected with science education. 

It is disheartening to note that though science is being tau^t 
in this country for nearly a century, not many books on ♦Solence 
Education* have been published, "Even those few books that are 
published are either restricted in their scop© or out of date in 
their contents. Hence, it is but a felt need that good litemtur® 
on science teaching should be published not merely in Sagllsh and 
Hindi, but also in all the regional languages of India, Then only 
the tea chars and supervisors will hav® adequate gul^noe, philo¬ 
sophy and tho knowledge of technique with re^rd to sc lance educa¬ 
tion. 


This book is the result of ray long-felt desire to oontribdbe 
tomrds the Improvement of science education in our country. I 
have bean actively associating myself, for nearly a quarter of a 
century, with science twohing at different gmdes of iastruoticn 
and with th© work of tmlntng science tochers. 


It is but natural, 




If my personal experience would go to colour the conteiits of this 
volume. Meanwhile I had the opportunity of studying sciisncd edu¬ 
cation in U*K, for a y^r as a special student at the University 
of Bristol, I had also the good fortune of aasoolating myaelf with 
aotne of the science educators of America j either as a student or 
as a collaborator. The #iol0 experience of mine, from itoatever 
source I mlidit have @iin@d, has been used In shaping the contents 
of this volume. 

In this volume, by ^science Education” I connote a continuous 
science programrao from childhood to manhood. The word ‘Trend* is 
uaad to indicatei common modes of practice in science education as 
well as those modes that are observed to be in a process of positive 
development in appai^nt directions, An attempt is j»d© to locate 
the trends in sciancs education as observed and observable in some 
of the progressive countries of tt® world. The location of the 
trends is associated generally, with an assessment of their poten¬ 
tiality and an interpretation of those trends in th© lifdit of suit¬ 
ability and feasibility of their hiiplementation in Indian Schools 
and Colleges, 

This book is intended to serve as a source book for students 
of post-graduate studios in acieno© education and as a guide book to 
iclsncB teachers, educators and b«ichars under training, 

I am deeply indebted to a number of Institublona, Science Edu¬ 
cators, science teachers, Research workers and friends for their 
valuable assistance in pre|»ring this bbok, I have derived frc«a 
them,both toformatiem and inapimtion needed for this work, As 





Ihr as posaiblo the sources from ?/hioh the imterlala are used 
are quoted in the body of the text Itself, 

I trust this book will contribute, soinathlng at least, for 
fostering and strengthening science education in India. 


H. S. VSSHIPPA 
Professor oi* Education, 
University Teachers^ Collage, 
Mysore, 


1 . 12 , 1958 . 
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INTRODUCTION 

The Purpose. Scope and TeohnlquQ of the 

Study 

After the achlsimment of iudependaaoe India is carrying on large 
scale experimentation In the political, social and economic fields. 

Along with the ©mergence of freedom a number of national problems arose 
andiwltod serious oonslderation. There vnas acute shortage of foodj 

the per capita inoom© ms very low; the percentage of literacy had to 
be raised and the dispartity between ths poor and the rich ted to b© 
elluilnated. At the outset,the nation rasolved to evolve a aocialiatio 
jmttern of society through a demoomtic technolof^y. It was decidedto 
improve the social and oconomlc position of the nation through a series 
of periodical plans. The first five year plan was launched In 1951, 
Since the nation ms feeling an acute shortage of food, achievement of 
self-sufficiency in food rocoived priority in tte first five year plan. 
In addition to the extension and development of the existing industries, 
extensive Irrlj^itlon works and river valley projects were undertaken and 
completed. Huge fUctorlas for the inanufUcbure of fertilisers were 
started. Those projects helped the nation to achieve self-suffioisaoy 
In food to some extent. Being encouraged by the success of the first 
five year plan the country decided to launch a second five year plan 
to solve other probloms. The ^jraveat of them all ms the poor per 
capita Income and the consequent low standard of living in tin case of 
the najorlty of prople. India did not stoop bo tiie oommunlstlo 
teoimology of pulling dowi the rich to push up the poor. It ratter, 
resolved to follow a pteceful constructive technique to solve those 
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problems. so, extension of educational fboilitles and tbe Increased 
provision for tbe Industrial opportunity were considered to work 
miracles in raising the per capita inooroe and subsequent stendard of 
living. so, among other things, industrialisation and education 
received priority in the periodical plans, 

i\ny plan for the industrialisation of a country should take into 
account the need for orgmiaing the three interrelated types of indus¬ 
tries, They are {!) the heavy Industries, such as fkctorles to raanu- 
ftcture various kinds of mchines, power ixrojecta and metalur gioal 
operitions etc., (2) the llghb industries which manuihoturo commodities, 
required for the nation and (b) the transport and communications to 
fUcilitato distrlbutlcn of mnulbctured products. Though India bad 
all the above throe b^/pos of industries for a number of decades, it 
depended upon other countries for heavy riiachinery and a number of 
manuthotured floods. It ms oaentlal to achieve irdependenc© in this 
field also. 3o, a number of iisavy industries have been included in 
the second five year plan, which is now in progress. 

The sources of energy, the availabUlby of raw materials and 
the rsian-powor bo run the industries are the three fhctora tlmt 
cttnbrolAsuccess of the industrial economy of any country. laturally, 
any plan for the industrialisation of t'r® country should reak® pro¬ 
vision for starting the hydroelectii o and other power projects, for 
lamoasing natural resources-rainoral, geological and biological, 
and for training the mn-power to run tb© industries. Ho doubt, 
a proper and well planned orginisatlon of various projects is also 
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a contributory iUcbor* Korcovar India has adoptad a policy of 
mixed economy for the induatrial field. Certain fields of in- 
dustrXy ar© entrusted to tha private sector; other fields are ra- 
sarvsd for the Public Sector. The latter is not to compete with 
th® fomtr. Ratherj tha public sector tackles those fields 
noriihlly not accessible to private sector. Thus the two sectors 
work in dosa co-ordination bo form th© two wheels of tha national 
economy. 

In the second five year plan, pro vis ion has beon raada for tha 
atertlnf^ of new power projects, for an Intensivo aurvay of natuml 
rearnsrecs and for th© training of suitable wan-power. It is evl- 
d«ab that btore is noed for three types cf mn-power for the success 
of the industries, Fir’stly, we should have teohnolor^lsta of all 
types to desli-^ and control the quality of the output; secondly, 
tlnrc should b© requisite number of technic lane to keep up th© in¬ 
dustrial plant; thirdly, there is need for skilled workers who are 
directly responsible foi' tho quantity of output. Hone© provlalon 
for th@ training of these three typos of nmn-power is an essential 
Jbetor Jn tho Industrial plan. 

The advent of Induatriallsation will eVsang© th© entire structure 
of th© society. Th© indivldtial should fit into a new order of 
society manned by science and technology. Hatumlly ©very indivi¬ 
dual iho has to live in that Industrial society should Iteiva such 
an education that smbles him to understand and appreciate tha 
role of science In shaping tho structure of social and ©conomlo 
aspooba of tho new age, Such an individual with a aciantlfio 
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outlook and with a roapeot for ocionbific taefchod can live as a 
successful cltl^ien of an induatrial civJ.l laa fcion. 

Rancoj both for preparing tho nation to adapt to an Industrial 
civilisation and for got ting proper (tnn~po-«TOr to run the industries, 
scianco education naturally deiranda priority in our school pro¬ 
gramme* For this purpose the architects of the educational plan 
rould orginiao a ayatotii of science boachlng from the beginning of 
the primary school. Ho dout^t, the work of training technologists 
and tochuicians does not belong to the primry or the secondary 
schools. But undoubtedly, a foundation for such a training is to 
bo laid in those institutions. Thout-li the training of those per¬ 
sonnel naturally bolonga to the technical Institutions ,the problem 
can be botbar tacklod at tho primary and tha secondary school stages. 
It Is possible to give a definite bias at the end of the seconc^ry 
school to annuro requiaito number of porsonnel for the IndustrlBs, 
within the accopbod i’lui.-ie work of a general or liberal education. 
Honco, it bocomoo clear tint both for the Industr^l roquirementa 
and for the orartion of a rational aocioty, it is osnentlal to pro¬ 
vide a continuous .icitinco ozfirioncs from the primary school onvmrds* 

Roallaing tho naod for improving sclmce teachinga t the 
various grades of instruction in our country, the Govornment of 
India orgmlsod a Science Teachers* Project, 1 ms deputed to 
the United Kingdom to study science education in tlmt country, under 
the Technical Co-operation Scheme, I joined as a regular student 
at the bniverclty of Bristol aad wrked under the guidance of the 
University De|»rtinent of Education. Other sc lance departs nts of 




of t}\Q Unlveralty and the Bristol Institute of Sducatlon also co¬ 
operated ’.flth the Deimrtnient of Education ki organ la j no the training 
prograriiiia, 3 ji addition^ training facilities wore provldotl By otter 
gngllah and Scottish Universities and tho various Educational ootmnlt- 
tees of tint country. Other Institutions of the country connected 
with tho advancement of Science gduoation Including the British Bread- 
casting Corporation, v/era also selected to provide lartlcular train¬ 
ing, The course extended over the whole of the academic year, 1956- 
1957. 


I ted therefore, tho opportunity to observe the trends in science 
education in England and Scotland and compir© the same with the trends 
in other countrl-js. The newer trends ttot I noticed there, prompted 
El© to make this comt>arative study and to suggest means and methods 
ttet could contribute to\mrda bh© Improvo.'.ont of science education in 
India, 

Furpoae and Scope of the Study; 

Tho purpose of this study is to examine the present position of 
science education hi Intlhii and bo aoaoss some of the newer trends In 
tho fields an observed In sorrio of the progressive oounbrlea of tte 
wnT‘ll, Ihio IJ,K. and U,S.ll. An attempt is also maclio to Interpret 
those trends with a view to Investigate how far and to what extent 
they cm be Implemented In Indian institutions, Th© term T^rend* 
is used to mean those features that tev© taken definite step© as well 
as those tliat are taking shape In a positive direction, *Sciame 
i'iucation* is used to includ© science programme in achools and Colleges, 
po 0 t«f,Mduat 0 courses, further educational institutions, professional 



and tocVniioal ooux’sesj teacher eduoablon courses and social and 
adt^lt education works 



Schools and Train ini' Oolleces and a number of other types of 
instltutlona were vlaltofl and tho pro.'^ramme of gclenc© education 
including the training of scionco tsfAchersiTOs studied, some times 
atayfeg for more tton a week in each of the inabltutlona, for tho pur¬ 
pose, To ha ve a correct estimate of the British sclono© education 
the Inabitutions selected for study, included those that v/ere situated 
in the different parts of the United Kingdom, After studying sclonoe 
programmo in the institutions,the wrious now features were located 
and their vjilue was discusaod both with the toachora and the heads 
of tho concerned institutions. Those features wore later, dis- 
cuaseid aiTiin v/ith tho Univoralty scionco oxjtorts and the staff of tto 
Trainin'; Gollogoa. Hy tliis bochnique an ostimato of the new featuroa 
in science teaching v«a recorded. They war© corn|xir©d with similar 
trorids obsorvabla in U*S.a* Later, attempts ware made to find out 
wbJoh of those now features and to wViat extent, can bo Im pieman tad in 
our ovai country. Thoa® iMrbicular features take the fbwn of con" 
©rnfco rocoimaanda tluna whieVi are includod in the last chapter. 



i\ statement showing the number and types of schools, colleges 
and other institutions studied and the partlculAr special feature 
or featuros observed in those schools, colleges and inatItutions: 

TyiJO of Institution Ko. of Institu- Special features 

visited, tions visited. observed * 

^a«aB»a»p:K»aKss;a;K*saKS»«Cs.ass:~K22i;s-s:E=s;;=K:SEE!rs;c:™s:™r:s:ia;5iKK;^r;-.=:sia;is.3Er;=K=;K~s:3ax»ss 

1. Friimry Schools. 3 laturc Study - Its con" 
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2, Uodorn Jchools - jecondnry 5 Pi'Sotlcal approacli to the 

syllabUEj and adciptlnp; to tha 
varying ability and Intarasts 
of tho children, 

3 , ’technical School a - Socondury 5 The problem of specialisation - 

Gaiorfil Science Course and 
empiaala on ono or tl® otter 
a spec t of .science . 

4, IramnAr School - secondary 13 Solonce Cor non-sclcnc© 

special is ts"3peclalisation. 
Advanced courses In the VI 
Form. 7ho oicaminatlons- 
corrola bod activi tie s. 

5, Ooi^iprehonsive Schools 2 Adapting tte basic syllabus 

l;o lifforonb ablliblin, 
int'jrosts ^nd needs. 

G, ?natural Schools - second^^ry 1 -do- 

7. yultriafcoral Schools - Secondary 1 -^lo- 

h, Dtx'iestic Schools - Secondary 1 Or-^mlaation of working Syllabus 

0. Public Schools - Secondary 3 The rigour of the method - 

the Science Olubs and Natural 
History Soclett/tJ- Science for 
vu r y ing a go -group sand a b 111 b ic s, 

10, County Gollogoak Voi^k, 1 Ret.iodlal Coaching, 

Practical Approach to Science 
Teaching. 

11, 2 Year Training Gollor/<3£J S Training of Science Teachers - 

Pracfcico Teaching. 

12 , 3 Year TJ’^lnlng G^llogea 3 sdonc© Teeters' Training - 

The 3rd Year Science Oours®, 

13 . Youth Centres: 21 Scionce in Adult and 

Ujcbra llural Lectures 2l 

ilorkers Education Societies 2l Social Education. 

14. Gollegea of tsclinology 2 Training of Specialists « 

Science methodology. 

15. British Brcmdcasting station Tte School Science Broadcast 

at London programme, 

IB. Corporation laseiiraas 3 School Science Programme. 

17. Zooas 


2 


'dO"* 
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18, London County Gounollts 
text Book Library 
Science Pllra Library 
Library (lit, Apparatua, 


19, H.M.'g, Inapocfcora - Thb 
Socr^ndary School full 
Inspection. 


SO, Science Mas bora* A sao elation 
\nnual Conferono©, 


1 Trends In the preparation of 
science test books - tench" 
inc a idvS and a Central Or^- 
nIsa tion to supply than to 
schools. 

1 Centnl loaderahlij for the 
schools - [yiidanco bo teach- 
«ra ~ Inspection of second¬ 
ary school science programme, 

8 Tlio ’.7ork of tl^a professional 
bodios, 


21. Science Textfbook Exhibition 1 hew trends in the preparation 

of science bext books. . 


22, -ixhihlfclon of SulcntirLc 

appai’a tusjBte cawk><dj«.. 

S3. SernInaras 


1 IIo’.v rap para bus and appliances 
for teaching science. 


l.Scionco Educfatiou T?or the 
Gifted, 

ii.3clone o C urrIculufii 
iii.Soionca in Toclinical 
aducH 11 on, 

Iv.Altns of General Scienco 
v.Bull-iing a Sc lone o Curriculum 


Different features of science 
0 ducat ion. 


24, University Dofartc/ento of 

Sciences (Bristol, Cambridge, 
tor bhnta rCordsliire, etc ♦) 

2t, Unlvcrrilby Dopa rtaonts of 

•jdacatlon; London, Bristol, 
•3d ;U'iburou gh, Gla sgow, a nd 
Worfchita f fordnhire ), 


3 Science course In the Tlnivsr- 
sltlos. 


5 Special fiaatures In the train¬ 
ing of acionca teachers. 


D«3ta.ll3 ragirding the Sources of Sxperleix^e obtained in tF.K* 

1, X special lecture course ims or^nised by the University 
Department on Science Education - its principles and practice. 

2, Similar lectures on pirticular aspects of science education 
were arranged by th® Institute of Education and the various science 
da^rtoients of the Uniyersity of Bristol. 

3, Special tutorial dassea were arranged. The science teaching 
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special lata of tOi© Univaj’aitis a of Briabol and Lcndon and th© 
seiono© m8thodolof/;lats of th© Bn^jllah and Scotblah Unlvcraltles 
bolpotl ni© to hfiV 0 a corroot and clear picture of soim aspects of 
sclanco tmching In that country. 

4. Rofjular and periodical tutorial classes were arranged by 
Pr.Eoger T/ilaon, Professor of Education, vho v^s in charge of our 
training courso. Particular attention ms devoted iri those classes, 
to consider the observed special features of English science teach¬ 
ing ani to what oxbfaib they could be implemented In our own country. 

b. 1 discussed tVio various aspr3fit3 of aclonce education with 
stria of th© ©Minenb persons in the field. Professor Paul, Profes¬ 
sor “^icK. Professor Phoaaant, Professor Mills and others wore aora© of 
these ©duoationists with whom I dlacussod th© above problems, Those 
discussions were arrungod by the Bristol University,as part of our 
training programme, 

G, Study visits to v?irioua by[)oa of Secondary schools, primary 
Schools and othi^r Inatibutlona devoted for further ©ducatldh were also 
arranged. This prograrfim© ms spread over th© whole year as Eart of 
the course, approved by th© Department of Education. This was in¬ 
tended to study th© mrlous n®w features in soienc© teaching In the 
schools of United Kingdom. To ensure tiae knowledge of a good o^rosa 
section of th© nature of science education in th© country, visits 
were spread over th© various parts of th© United Kingdom, Several 
days 'wr© continuously devoted to study science teaching In Qramoftr, 
Teoimioal Modem Secondary Schools. Th© follofdng aspects of 
iclonoe prograwi» were studied during tie oours® of Aha vlsifest 
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1. Courses of Studies in Scienca. 

2. Acteptatlon of the Basic Syllabus to the varylno 
abillfclesj needs and inboresta of children. 

5. Laboratory or^niaatlon and mm f^oraent. 

4. The plan of the Science Glass Room. 

5, The Science toxb-books in us©, 

6* Usa of optical and other teaching aids. 

7* Oorr©cblc#n. of pupils* practical records. 

8, dctlvitioa connected with Science Education, 

9, Aaassament off pupils* achievement in science. 

h'v-trttri.Vnl 

10, ’?'ho Goursotand standards set by TOrlcus oxam3n.tng 
bodies, ^ 

7, Diaeussions with tho H^dmstera and the staff of tb© scienoo 
department wore hold in ovary school at the and of th© study to dis¬ 
cuss ctjrbaln thhips arising out of our obsermtion and to get certain 
del i b fc a cla r i flo d. 

B* Participation in tlB discussion clUxsaes on tbia lesson plan 
prepared by the post-graduate pupils of th© department, ma a apaoial 
feature of this study progmmra©. This ma particularly Interesting 
sine© it ma a new feature to oxir Poat-graduat® teaohord' training 
Institutions* 

9, A workshop «i,s or^nised to provldl© iHclliti©8 to us in tlB 
preparation and use of teaching aids* provision was also m.d© to 
provide training in the us© of newer optical aids. 

10, Another work-shop "ws or^nlsed to train in th© art of 
evolving working syllabus in solono© for tho various gr®>des of 
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secondary schools; hn ajcpert science teacher ’was deputed to help 
ma in the inatter, 

11. 1 was deputed to the Bristol College of Technology for an 
Intenslw training In the Laboratory art craft for a period <£ one 
month. The College provided a course of training In the Laboratory 
ftqulpraent and mansgeniantj, glass welding, glass blowing, glass bending, 
metal and wood work, cheisilcal analysis tecliniqua, photostat process 
and other phobo'';raphic art-craft, microprepara bion and staining tech¬ 
niques, etc. This course included both lecture and px^ctical work. 

12. Study visits to the different Departments of Science in the 
mrious Unlvaraltioa of England and Scotland were special feature of 
this course. opportunities ware provided to study science course In 
the various Universities and to know the standard they fix up for 
admission. I specially mth a thorou^ study of the science educa¬ 
tion in tho new University of Northstaffordahlr®, as it ws a four year 
University with a foundational first year, ha science for geneml 
education, ms so hitegrated with the general courses of studiesi parti¬ 
cular attention \v^b paid to observe the educational philosophy of tte 
new University in general,and the place it has given to science aduoa- 
tlon in particular. 

13, Two Boarding schools were visited, the Public school at 
Winchester and the Boothdl^School at Tork. A week ws spent In each 
of the above to study adeno© programme to those two bearding schools. 
The Science Club, the I&tural History Society and the particular 
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ccmching provided to Imckwird pupils yiov® specially Intepesting, 

14* I deputed to London University for ono montb. to 
study ttid training of science tsfichera in the University Instl- 
tut© of Education. I attended special lectures or^nlsad for th© 
purpose. I noticed tint the To-achera' Centres orgAnlsed by fh© 
Institute and by sosiio of the affiliated Collages wore doing very 
yood v 7 ork to t.ra Li the science teachers in service. 

15. 'T’ho Lon ion County Council ban orginlsed a text-book 
library, a filin library and a library of apparatus and appliances. 

I spent a row <liya over studying tl^ purpose, organisation and 
feeilitios provilovl oy those Institutions to the scianoa taaebara 
in London. I -ras particularly Intcreated v/ith a few solmc© text¬ 
books that ware placed thorc. They arc all books that are re- 
viewed and approved for ti» school us©. 

iC. School Science Broadcasting Is a special feature of science 
education In rEurlioli and Scottish Schools. I ms fortunate to go over 
to the British Brcmdcactlng Corporation at London,to study the seienoe 
bro-adcasting progr^u'aaoa , I studied various aspects of its school 
science prografUBi© - preparation and standardising of the script and 
its actual broadcast, I ms particularly interested to find a 
good coordination between the station and the schools. 

17. Visits to Sciencd Sxliibitlons war® also arranged, Th© 
Science Exhibition at Gambrldg© or^nlsod by th© Science Masters’ 
4asooiati(m «s particularly Interesting. I amffltoad the latest 
.appantUB and appliances e^lbited by wrloua mnufecturlng firms 
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and the science text books and general books published by tto 
Science Ifestors* Asaoclatlon and other xxablishers, 

Things of acimtific Interests were also aximinod in bto 
British museuffl at London and in the museums at York, Bi-istol and 

Cainbrid£ 0 . 

IS. Ylalts to University Departmentfj of l^ducation, wars also 
oi’i^niisedt 1 '.'^s deputed to study the work of braining acienc© 
te.jchora at the Unlvo'sitias of LoiJ,don, Bristol, Oanibridgo, Oxford, 
Uorthaba f fordCahire, idinborough and G-laagow. Those Universities 
were selecbod because of tha particular special foaturoa for v/blch 
they wore well knovn. 

19. Two weeks were devoted for the abudy of scieno© programm© 

and methods of braining science teachers in the two year Teachers* 
Tri3nlng Colleges. I studied th© work in st.jolm’s Training Gol- 

logo and in sb.l'ary's Training College at Chol'tenlmm and in th© 
Training college at York, Ih© third yaar sciance course timt ih®y 
Iwd already Introduced v»a particularly interesting, 

20. Visits to some of th© science laboratories were also 
orspniaad, 1 visited th© various science dojartments of th® 
Universities of Cambridge, Bristol, Horthstaffordshlre, Sdinborou^ 

and London, 

21. Partlclpstion In the eotlvltlee of the profeaslonel bodies 
me » special feature of tha study. I participated to tha semlmr 
orginlBed by the S.Hdk. «t Bristol on tha Teaching of Solenoe to 
Abler Children) later,I participated to the proceedings of the 
Annual Soasion of the 3.HA. held at Oambrldge. 
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22. I ta a dopiited to study -tii® work of Her Kajeafcy's Inspectors 
{Science Section), I studied how th© tnapection of the Secondary 
Soliool ScioncQ Department is bo 3nfi conductod by thorn, in the York- 
shiro Schools, 

23» gvery Itsra in the training programme was accompanied hy 
academic discussion which forwed a very uaefsil follow-up work. 
Professor Roger '.Tllaon took j^rticular care a nl Interost in assessing 
fcte value of ray programt;^ and in discussing virlous aspects of th® 
ohaerva bIona nm da , 

24, ?ho raewbara of the staff of the Dopurbraent of 2ducc blon 
pci>1odically aasijnod to mo hooks, arblolca and Important reptr ts 
bo study and^ropti^t, anl even to sib for discussions, 

Analysis of Sxnarionce; 

Th© above atudy involved collecting data from virious tytpes of 
secondary schools, colleges and otter further ©ducatioml Inatitu- 
tityis v/lth roapoct to science progremtno. Tliough I was attached to 
the Bristol University,! imd to study In other Universities also. 

The nature and exparienc© orabracad altijosb, all aspects of soierxee 
aducablon. Hoix© it is essential to amlys© th© aa» into parti¬ 
cular types of experience, I find it convenlant to amlysa the 
srime under the following heads s 

1, Scfencs and its rol© in th© modem social life. 

2. The iimportatic® of sciwice as a subject of Qencral education* 

3, The objectives of teaching science, 

4. The Scionoa Oours© - I^aio Syllabus and its ac^ptatiosn. 

5» Th® organisation of sclsnc© ourrloulum* 

6, Oaa«»l «iM apaolal scleno© courses. 
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7. .lllocatlon or time for acienco Instruction, 

f*. Theory ?s,nl Braotico 3.n the Secoivlary school acienco prof^rnmnia. 
C, Lnbor'ibory and lecture room, 

10. The ac lance store room - mathod of arranylng the apparatus, 

11. teaciiln;^ tochniqua. 

12* Deniffis trtlon of oxpcrini.cnts, 

1.7, 73 i ch Jiiii a Ids, 

14, Pexti'oools, 

if, liOtars-iaV in^-': by pnpHs. 

1C . f ri ”, c C 0 oi.'!!-ran 1 ty re aour cos . 

17, cotu-no for the f'ilCted, 

IB. ”l*jrc®tlial £U-’of,ramiiic for the backvard. 

12. lii 1 Iv Llual a t tantion. 

i'Xi. Ths school sclonoa broad-cast and tola vis Ion pro>:raHs]®©s. 

21. fae School Sc lane o Club. 

22. Natural a is tor y pi-’or^rut.-iifi© . 

23. 7>cbt-ol Sclouco lIuaouHu 

24* Sclaice -In uowspaxJoJ'Sj journal a and other per iodleal 3 . 

25, frjatirif, a cUIa VMi,,enb itj acloncQ - testa and examinxi tlons . 

26 . 3 ta tidi r 1 In od boots. 

27. Sclcrice taa chars and their qual ifica tlcns , 

2f . The racruitment of aclance baa chars, 

29* Orjj’inisa tion and working; of science taachers associations, 

30, '^raining of sclenco teachers, 

31# In-service training facilities fbr tea chars. 

32* ijclonce toachars and their academic cont^Act. 

33. Science in the technical secondary schools. 

34, Scianoe in sociAl ©duoation. 
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;5r<, sul>jocu"inspgcbor»s and advis^i'a* 

3f:, Gclanco byicliiri^j in atjconiury solioula and 'Iti bl)© Instlbubions 
for sbudi^'^a. 


1'. '•d.o chaptci's ,dovob vl rcj’^nbiidy of bho trends 

1a 2 tihiti(y) elucHic'n, I tavo ^ ida inu) oCtho virlvi b/p-ja of oiperioncQa 
'.dnlcVi 1 -ptn-jcl lui'.lrpi ws stay In bho above couubry. In addition^ 

I 'av'j al;!o util Iced Tcy lorp; o^cporiguco as an autbov of scb'Sioo 
be/jrbookn, AB a ac Ifiocc Ur.cvav, a a a science inothcuilo-;l3b and as 
blw rrofosuor of '^aucctlcn. 3cwc of bhe nev/ foe baron which I con- 
amJ \ri novcl,ai ‘*3 olaborn tely dealt v/ibh in asparat© ctopterg. 
ethers nns inGl\id.nl in the list of aUcPtostlona or roGOruincndntiona in 
Uai laob chaptjr. 
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C^m.PT3R II 

?ho Ittcroas3x1^; Impaot of Scloiice on our* Social 

Life 


Tlioui'ji Itiill'i hag boon an a.h3*3cnlbuml cnnnbry froin tho vory 
l)rj.'.Uin hi-; abbOii.pfcs uro beiai', made from the laob hundred yaars bo 
virlcus b;,-p ;a o.t’ iiuluabrloa, Cno cfxmot but nobloo tteb 
a iiutubor ui bidUKbraoa ara bo Any, atartod all ovor tho coim- 

hi yoira. dfcbsnjpts aro also holny laado to waolmnia© 

?\ ;y*io-n cur-: to biiu rnib-iob bho naburo of our a/,riculbural lari'hs per- 
, II:'., .‘brddvji’j boiiofib;! oC sa lone-j huvo r'-riebol oven fdi-j ra- 

i<tubo;ib ^art' o ‘ t,ho eounbry .'ind thus ’navo contnonooi to revolutionise 
bh’i llfi fu,' tU's pioiilo. Old notions a r) ylvlny pl-tco Tor rAbional 
afi.l iMii Astlu viarm, I'hus v/o notice ttia yradual tmnrjCoririatlon of 
!,hft! ('U'Untry “rc'o in ayi’ariin typo bo in Indus trial 

civilian bion. In conforiciby wibh tA\© a ba o chinyoa,India Ms evolved 
bjhti a r'jajblie and Ms launchod the biyyjst ©xpei’-lfflentation An Deino- 
orsebh; way o;? lAvlny. Such a country vi 1th its developing scientl- 
i'tc ani dn.ocracblo vnyn of A ivlny, \ 7 ill liavo nabumlly bo forgo a 
i b';j to nlroji.y./uon in blonal aconotriy Msad on aclenblflo hidusbrlas. 

,\rfcer the advotib of freedom India has decided to improve tM 
11 Ts of the people In tiio socialj economic and other fioldSj through 
a sarios oT periodical plans. After the country became free we had 
bo face a number of problems. Among thorn the most serious one «s 
timt of food. fhs first five year plan ms launched in 1951 and 
Its amin purpose wts to achieve self-sufficiency in Food. In 
addition to the launching of many other n&t Ion “hull ding sohemosj 
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dut'Jnj’: tha psriod of the first plan, oxbonslon and developnent of 
Irri'jAtion facilities, oonabructlon of river “vnlloy projects, start- 
ln|.; of huga forblllacr factor la's, oto., wro undcrbaken, a.j, a result 
of fcho debarmiiioil of Tort of the nation tho country ms able to bccoma 
self auf^icienb in food to a graat extent. During the aam© period 
a number of nesr factorio-s v;cr© atartedj new schemes to extend ©du- 
c^bional facilities were also undertaken! plans were prepared to 
reorganise the oduoatlonal system koepln" in vlev/ tho changed posi¬ 
tion of th© nation. The success achieved in the first plan ©noourged 
the lation bo launch a Second Five Year Plan to tackle other national 
problotKs. India Inspite of its hug© area and large population had 
bo '-j-jpand on other countries for a number of essential manufactured 
y/tods, pai-*tlculurly the machineries. Further, th© par capita income 
cf bha psoplo vns substantially low. In recent days th© country 
declared its determination to improve th© per capita income and aub- 
sequontly the standard of living. With Its declared policy of re¬ 
constructing t bo society on a Socialisb-lo pattern, th© fat© of th© 
comirion man bad to be improved* Plana to develop agricu;S^ltura and 
industry wore th© twin tools to realise this aspiration. 

Though we ar© trying to industrialise tha country we cannot 
forget that the major occupation of the people is agriculture and 
the hug© population has to depend upon its own work in th© field. 

Hence any scheme to Improve th® fat© of th© country should Includ© 
plana for th© develoEwient of agricutlru®. fo doubt, our agricultural 
operation Is to a great axtont at present, handicapped by individual 
ownership of anall pieces of lands and th© ago old method of agrioultur® 
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To overcome tliesa difficulties, the country tos decided to Intro¬ 
duce collectlw and cooporabi^^ fermlng. This would certainly facl“ 
litafce improving the agricultural products both in quantity and in 
quality by bh© application of meclianlsod and im;!^rovod techniques In 
th© a gr icultural op era tlons. 


SM© by side with the plan for th© institution of collscti'^ 
faming and mecimnisad agricultural oporutions, the country is fast 
ahead with its scheme of industrialisation. The second five year 
plan is devoted to the orfpnlsatlon of heavy Industries in addition 
bo a number of other nation-building activities. industries in 
any country resolve into three categories; 1. Heavy industries 
which iiioluae ths Utartlnsj of power projoots, larRS aoals metalursl- 
oal operations and the mnufheburo of inoohtoertes; S. Llaht fadus- 
trloa to nanulhoture ooramodltlos for the people. a. Orennisatlon 
and mtntenanoa of transport a ncl oomniunloations for improving the 
means of travel, transaction and transporting from one part of the 
country to the other. Svldontly any .ysod plan for the industrlall- 
sublon of the country should provide priority for the heavy Indus¬ 
tries, as the euooess of the second aid the subsequent plans depends 
largely, on the completion of the first plan. 


HO doubt, there existed in the country all the above three types 
of indastrlea even before the advent of freedom. But, they were too 
inadequate prtonrlly, to meet the demode of o“ntry with regard 
to the production of commodities and seconarily, to strengthen the 
national economy. Added to these the industries were started with 
no definite plan and regard to the national requlreme* The fe» 
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existing iruauatries were manned either by foreign cntrjjmnios or by 
foreign tochnioians. Hence the country had bo ijrovide a vory bold 
leadership in the field of reorcjinlslng the Industrioa on a scienti¬ 
fic aoi well planned line. 

Any plan for the industrialisation of a country should pay 
afctonti.on. to three importeinb fhctors bMb go to make the plan a suc¬ 
cess. The plan should make provision for the devslopmant of hydro- 
elec brie and obher powoJ* projoefcs Y;hlch fonn bho sources of on/argy 
to run Lho industrlos. Secondly, it has to conducb a survey of 
nath'ual resources, iriineral, biological and geological arxi make pro¬ 
vision for the development of those Indusbrlos tba fc make the raw 
Biaboriala available Cor the industrloa. Thirdly, it has to ormniae 
educJibional^’t'ralning facaities to pro luo© adequate man-power suited 
to run the Industries, maintaining both the quality and the quantity 
of production. 

Though agriculture is our slnfiLe big ©ntorpriae, ttet alone can¬ 
not contribute fop strengthen-ing our national sconorayj w© Urn to 
rcor.pnlae the nation's economy on an industrial line. Then only 
our economy will be placed on modern footing. Some countries are 
leaving the industries to the private agencies, as In America 5 in 
other countries they are imlxxtained by the State Governments as in 
Russia. India is following a mexed policy. The present policy of 
the Government of I^dia is to iave a mixed economy in the country, 
leaving certain Industries and industrial sections to private ownership 
and mnagwait, and to naWonaliae soma of the Induatrles. Here It 
Is essential to note that^^bllo or the Ooveriment sector Is not 
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’working as a catnpetitor v/lth the private sector. Rather the, 

G-ovornnient is retailing those industries for the public sector^ which 
cannot bo run by the private sector. In other words, the public 
sector la tnalnly intended *to supplement ti© work of the private 
sootor. ■'Tenco, India depends upon both tl-is public and the private 
©ntorprisos in the task of industrialisation, VJhether it Is public 
soctor or the private sector, the success depends upon the above said 
three cordlnal factors, Naturally, it becomes the responsibility of 
this state to provide those facilities, all of which depend in turn, 
cm an eCriclont prograrane of aciontiflc and technical education in 
the country a t ilifferont grades and levels of instruction. 

the tccinloal man-power required for the industries, 
ono can d‘stJn;uIsli throe categorioa of people. Pirnbly, there la 
noed for techaolo ;iats for dosigning newer features in every industry 
and an tliom dooerria the progress of the Industry. secondly, there 
Is ra»*r! Cor tecUniciaru! for upkeeping and running tte normal v/ork of 
tliu Inbuitry. TV^ quality of production depends to a t extent 
on t’fpe of work tloy do. Lastly, there is need for skilled work¬ 
ers who octually v/nrk with tho machines and on them depends the quan¬ 
tity of production. Though we require "".ore of the third type of men, 
the other two types '’f wer'-ers are also necessary. It is essential 
to organise technical and vocational institutions at three distinct 
levels to produce the above three types of TOn-^ower, Sven if auto¬ 
mation were to be Introduced sooner or lateif^the above three types of 
a»n-pow@r will be essential for industries. It becomes evident, 
therefore, that any scheme for the industrialisation of a country 
ihould also provide for training the requisite technical amn-power for 




- ss - 


the ill du a t r 1 0 s» 

Teclmlcal education no doutt, la of different types. SKich Indus~ 
try roquiros specially trained stoff. In ftct, the beat kind of train- 
In^^ is tte t whlcb la provided in the particular Industry itself. Yet, 
it lo usual to J 3 et tliose personnel trained in the particular technical 
or vocational Inatitubions, In India tea to-day, a number of such Insti¬ 
tutions at different levels to train the various types of personnel for 
the grov/injy industries of the country. Their mere existenco may not en¬ 
sure properly trained workers, technlclana and bochnolo(?lats in suffi¬ 
cient number. Those inatibubions must bo scl mbifically or^^inised, dia- 
trlbutod V7lth due roiTtrd to tho royloml requirements and should bo suit¬ 
ably fed. ’.'/tebaver the field of vocutiorjal or the technical education 
it may ha, its success depends on the type of science touching that stu- 
dants can iiave In bheir school days. It is on account of this that the 
^ito paper on Toclinioal jSducation published in 1957 by the British Govem- 
Hiant, atutos that "the aucoeaa of our Industrloa deusnds largely upon tte 
typo of scloncQ prof 7 *amm 6 , the schools i)rovide'’. Therefore it becomes 
clear that the rciquislto nnn-power for our indus¬ 

tries, should bo buckled at tho secondary and even at the priimry school 
level. Though schools are mainly Inia^ed for cultural education, the 
my in which they teach certain sublecta largely contributes for laying 
the foundation for the proluctlon of desirable types of nmn-power for 
the Industrios, The most intimately connected subject to the nations 
Jnduatrlss/ is adonce. Hence the industrial developi^it of a country- 
la mturally, though indirectly, connected with the type of science 
Instruction provided in the primary and secondary schools* The auo- 
casa of Bcience teaching in the school depends upon the course contents, 
th© teaching tectolque, provision for experimentation and the mod© of 
approach. Hence, this in turn, demands an ©ffectlv© aolaioe education 




25 


afc tl'.o Univofsity and a well or^janiaed braining pro[;raLinKie Tor our* 
aclouco teaohors. As part of t he rooi'o^n.iQat ion , scheme in the 
ficd 1 of eilucitjon, bh® above needs are beinjj: abtondod bo. Meanwhile 
^ffcc-ts Rbuuld also be undo bo send our teachers and oducationaists bo 
oth.c'i' prorrenrive oouiitriosj to study the position of aclenco education 
ari'i bhe pro^reos of nclance. 


Tlnr'^ la .abill anotho''* hrcbor fchat strosaos bho need for Impro- 
vlnr Ottr ochi'Ol aclcuce progi*aumie 3 . Irrlila bo-day, ia In a process 
of cUan^jo i^vo.n bho u.'jrarlan bo t’no luduabrial civ llisa bion. 

tbo n ''1 i >1' civil lea bion super a/tiblon, blind faith and irrablonal 
thiid'. i iv/erc i-Uiiipaub .and oven upheld by in’udibions. But auch thlnys 
will ti'! hiCt'Mip'i biblo wilh blie in.luabr Lai civil Irj.i i; ion. Indusfcx’lal 
aor hd.d bliLuks, facia and ueba at the rabional level, at an imporsonal 
levil. llaburally tin anooosr. of the individual and aooial life In 
such a civilicution demands an ’andorsbaahhii;, and approclablon of bln 
wa;/3 of the scl uica and b he particular rolo lb plays hi our life. It 
evM'jnld;/ ;,fan:3 brut for tlie success of our Iriduutrlul aconomy the indi 
vlfiual .a "liuit lavalwp ;vciofiti fic outlool, abbitudo and apl*it. In 
bh'jtr bvory diy llvln;,, ucloutiflc toohiiiquo should play a la rrje rolo. 




poasiirlo If our uenoral educa bluii itroj^rimmo can provldo in addi 
bion bo obhnr thhido, a very eff'jcbiva acionce inabrucblon in sch^ools 
and collodea. Than, our schools can help bo a great extent, the easy 
tranaitioa that is taking place at present ft’ora the agrarian to an In- 
^sbrlal type of civilisation. 

The present transition to an industrial civilisation further 
deirands on the part of the individuals and tbs leaders of the country, 




to view all probl0ras,particularly problems of social and indivi¬ 
dual economy, focxi, population, health., race, etc*, from a acienti- 
fio point of view. This aaain, dermnda a well planned aclenoe pro¬ 
gramme in the primary and aacondary school a. 

Hence it is clear that we have to pay great attention to the 
improvement and extension of aclenoe instruction in our schools and 
oollegea. In addition, we have to build a system of well organised 
acienc© programme in the ^dixlt and Social Education s/^chemes. 
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CmPTER III 
?RE3MT POSITION 

3-* E^rly Solenoe Teaching In India ; 

The i^rly decadea of the nineteenth century wltnesaed a aeries 
of controveraies in the field of education. Thoa© controleralea 
centred iminly round the type of education and the medium of instruc¬ 
tion to he adopted for the whole of India . The Orientalists sup¬ 
ported the idea that the oriental learning should bo preserved and 
promoted and that the medium of Inatmiction should be Indian languages. 
On the other land,the occidentalists upheld the idea that India should 
introduce Western knowledge like En^lsh literature and ad once in the 
school 3 and the medium of instruction should be Bn^ish. The views 
of both the parties were placed before lord Macaulay, the then Legal 
Advisor to the Government of India, He emphatically rejected the 
arguments of the orientalists and supported the Idea of spr^dlng 
Western Education in India through BngLlah. Macaulay submitted hie 
views in his famous Minute of 1835 and the same was endorsed by Lord 
William Benttok ^o was the Governor General. In hla proolamatim 

dated seventh, March, 1935, Bentink passed the following orders in 

I 

addition to others 

« His Lordship-in-Council is of opinion that tihe great object 
of the En^iah Government ou^t to be the promotion of 
Burop^n literature and science among the natives of India j 
and that all the funds appropriated for the purpose of edu¬ 
cation would be best employed on Sngli^ Education alone". 

Further, the proclamation approved Macaulays idea of using 

% 

Blglish as the medium of Instruction in schools in the following words* 




26 


’tHis Lordshlp-in-CouncJl directs that all 
tTiana reforms will leave at the disposal of the Committee 
be henceforth employed In jdm^rtlng to the “ 
la Hon a knowledge of EngHah literature and Solenoe through 

the medium of the En^l^ language . 

The above proclau^tlon did umke a turning point in the history 
of Indian Education. It defined the aim and type of education, 
declared In a very clear and emphatic language that the avowed 

J.otlve of the country was the ja-omotlon of Weatem arts and aolences. 

Thou^ a good number of oritlolame could he levelled aplnat 
Haeaulaya advice,he cannot be blamed for certain aepeote of It. He 
was certainly right In hie conviction that tie virile clvlllaatloh 
of the West was neoeeaary for rejuvehatlng Indian culture . He 
never dreamt that hla minute would have auoh large implloatlona as 
to Clenge the very ftoe of Indian education. Sound Judgement will 
todlcate that after all, »oaulay-e Western learning has done good 
to India and better results have been achieved through his bold 
policy tl«n It would Imve been possible through the half-hearted 
attempts of the orientalists. Tbe new system of education hroi«it 
us into contact with ti» scientific knowledge and researchea of the 

a TV, rfisrect the seed sown by him In 1835 

Western Countries. m this respecv tjuo 

a than ttmit expected by the 

has certainly produced a crop, Ihr richer than 

sower. The following decades witnessed a changing scene In the 
ludian gduoatlcn. tbs place of a aoheme of aplrlbral twining 

a system of education endorsing the spirit and rigour of the f»atem 

solences was being Introduoed. 

Lord Auckland who suooe.dsd WUllan Bentink aa Qovamor 




Q@n®a»l, pushed his aducsatioml policy formrd with the same zeal 
and tenacity* He took raeasuras for the axi»nsion of education* 

Since he. Ilk® Bentlnk and Jfecaulay, belie ted In the filtration 
theony, tried to oodoraunloat® throu^ the medium of Buglish a oomplot© 
education in European literature, philosophy and science to Iho 
greatest number of students vdao may be accepted to receive at his hand, 
H® ms instrumental in starting son© Central Colleges at ]>ecca, 

Patna, Inaras, Allahabad, Agra, Delhi and Barelly, By that time 
a good number of state schools ware being organised with aci^oe as 
on® of the subjects of study. He Intended those pupils coming from 
th® state schools, should continue to study science and other western 
knowledges in those colleges. After 1833, the English Missions went 
cm starting more and more schools and colleges in which they provid¬ 
ed Western knowledges as subjects of study. But, for a long time 
to come, alementery schools were not started by the state; and 
certain foreign missions with the interest of converting Indians into 
Christianity, wore however, running a number of schools all over 
the country. But they were not In sufficient number. Many people 
did not like to send their children to those schools on the fear of 
conversion. Lord Hardinge during the middle of last century, estab¬ 
lished 107 vernacular schools. But Sclenoe was not a subject of 
study In those elementary schools. But generally education of the 
masses ms neglected; and even in those few state schools and private 
«(^oola, science was not a subject to be studied In any fbrm. This 
was due to the fkct that the Gfovemment believed in lii© filtration 

theoi’y* 

poliowing the reocmmendatlon nad® In the Wood's Despatch of 
; 1864, both state and private secondary schools went on Increasing In 
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numto®r* This also sxtsixied tli© fholllty for science ecSucatlon In 
ttoe country, 4 a a result of this^ there waa a rapid growth of 
Oolloge®, The Universities of Calcutta, Bombay and Madras war© 
as ta fell shed in 1857 as examining bodies. 

Th© starting of University and Q-ovomment Colleges gave Impetus 
for the spread of western education. The G-ovemment of India 
declared that they would prefer for public Jobs, candidates with 
Sngllsh language and western Imowledge. So, there was a huge rush 
for admission to tia© institutions. 

While the higher education tos being extended, the Government 
did not pay sufficient attention for the expansion of primary edu¬ 
cation till the last decades of the 19th century. 

By that time,the problem of introducing Science In the 
secondary schools was being seriously considered In the west. By 
about the middle of 19th Century Herbert Spencer, T.H.Husiiey and 
©thir ctmmplona of aolenco in England, advocated that science should 
be Introduced In the secondary schools* In the latter Iwlf of the 
19th. century science gradually entered into the school curriculum In 
England* Since Bugiish system of education was the model on ^Ich 
Indian system of education being organised, a little later science 
ms Introduced as a subject of study in the secondary schools of 
India. So eoieose mad© its entry into the curriculum of the Uni¬ 
versity first, and then into the curriculum of the aeoonctary schools. 
By about the last decade, all secondary schools in included 

solem© in one form or the other, as a subject to b® studied, Mt 
the Introduotioia of science in the elementary sohools^in any fowai,Wfl 
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moh delayed, it la only in the second decade of the present cen¬ 
tury that efforts were md© to introduce nature study In the EletDen- 
tary schoola as one of the subjacta to be studied, 

2* The NatuTO of Indian Secondary Schools and the Subjeota 
' "ib'faere- 

After tl» Introduction of English as the mediuTn of instruction 
a mrlety of schools were started both by the GovernmOTit and by the 
priwt© bodies in all of which English was t»ught as a subject and 
mB us^ as the tnedluin of instruction. Some of them adjjlinltted 
ehlldron at 5+ and others at a much later age. But following the 
raooramendations of the Hartag Committee in the latter half of the 
19th Century,tha Government took up the responsibility of organising 
elementary ©ducatlctn in the country ard defined that all instruction 
below the secondary schools as elementary. In some states secon- 
(jhry schools admitted pupils at the ago of IQ-*' , and in some other 
states at the age of 11+ , Generally there user© two stages in the 
secondary schools - the Lower Secondary or Middle school and the 
higher secondary or High school. In both those schools there ms 
a tewalnal ixternal examination. The subjects studied were English, 
Vernacular, History, Geography and nthematlos. In the Middle 
Schools Hygiene ms tau^t as an optional subject. In the High 
Schools in addition to the above subjects Elementary Science ma also 
taught. The duration of the secondary school varied from state to 
itate* In other words, tbs period of secondary education ms not 
clearly defined# 

In recent years,it ms felt both by the public and by the 
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edacatloniats, that our secondary education should be reorganised 
so as to bring about proper coordination with the prlnmry education 
on the one imnd and the University education on the other. The 

Govomaent of India constituted a Connnlsslon to consider the question 
of raor^nislng secondary education, under the Ohatrmanahip of 
Shri Lakshiwanasmray MO(*iliar in 1953* The Connulssion after careful 
consideration of totIous problems connected with secondary oduoatlcnT 
submitted its reooratnenctetlons to reor^nlse its different aspects. 

Among other things the coamnlssion recommended the following pattern 

3 

of reorganisation of education:- 

1, Primary or Junior Basic school - for 4 or 5 years 

2* Hlddl© or Senior Basic or Junior 

Secondary School “ for 3 years 

3. Higher Seoordary School or 

High School ~ fbr 4 years 

4. university Degree Course - for 3 years 

{ Pag© 230 " Report of the Secondary Education Oommlsalon, 
1953) 

The above recommendation has formed the basis on which the gen¬ 
eral pattern of reorganisation of education la taking place in the 
different states of India, In some states like Bombay, Utterpradesh, 
Mysore, etc. the Pr®-University education is being organised Into two 
stages only - a seven yearprimary education followed by a four 
year secondary education. Some states are organising the same into 
three stages - a primary stag© oi four or five years, a middle stage 
®f three years and a secondary stage of four years. Whatever the 
pattern of organisation It may be, as per the suggestion of the Oamols- 
»ion,secondary education should cover the age-groups between 11 and 17. 
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Tha total period of educatlcn 'before getting the University 
Degree will therefore, amount to fifteen years. In son© states, 
it is reduced to 14 hy curtailing -taae dU3?atlon of prlaffiiry education 
by one year. In the propaed 4 year course of secondary education 
the last year represents the old junior intermediate course -sdilch 
part of the University education before. It may be therefore, 
said tMt the public examination at the end of the four year secon¬ 
dary education is equivalent to the level G.G .S. examination of 
U.K. 

\r\ 

h, draft curriculum In Science as another subjects, has been 
prepared by the Central Ministry of gducatlon. But education in 
India as In U.SJk*, is purely a state subject. Therefore, each 
state is preparing to adapt the central curriculum in acienoa in 
accordance with the local needs and local environment. Some states 
have already given affect to the new curriculum. Science la in¬ 
troduced from the beginning of tl© primary school. The old ’Nature 
Study’ of the Priwry school is replaced by general science. The 
sail© sort of science course for all is continued in the secondary 
schools so that there may be continuous science experience throu^- 
out * 


Hew India has launched the second five year plan shortly after 
completing the first. The success of the plan depends to a groat 
©xtenbjon the availability of technicians and other skilled man-power. 
To this end tfc has been realised, that science programme in the 
school^ should be organised on modern 111©a. Hence,both the Central 
and the St^te Government a ha^ taken lob of care to reorganise 
Solanoe ourrloulum In a suitable vny. Ih reality,the subject of 
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ioi@no© is given a vary important placa in. tbe school curriculum so 
that rapid Induatrlallsation my be facilitated. 

3. Qourses of Studies in Science; 

The mw general aolenoe course baa already been introduced In 
ionie abates. Wherever it is Introduoed^tba BUb^eot is organised 
around 5 or 6 major topics related to life. This arrangement of matter 
Trtdch begins with the aolenoe course at the primary school,continues 
In the secondary school. The important topics around vhlch the 

sciem® curriculum la built are the followings^ 

1. The food we eat 

2. The air we breathe 

3. The vater we drink 

4. Our shelter 

5. The Energy 

6. The atmosphere around us 

7. Transport and coratnunleations, etc,,etc. 

The same topical treatment continues from the first standard to the last. 
The matter extends concentrically from year to year. In some states 
the topical arranger® nt la restricted only to the lower grades of the 
secondary schools. 

To appreciate the science teaching at the secondary school level. 

It is essential to know a few aapecta of the same at tha primary school 
lewl. The old *Natur 0 Study* is being abandoned since it is considered 
to he Imdeqpat© to the life of modern children. The general science 
oourae, i^ich has taken Its place in the primary school ourrioulura has 
^t become quite popular, Tfcw main reason for this la that the primary 
j®gt1bool teacher does not possess sufficient qualification/ to teach 
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solenoe. Anot^«r ran son for its poor progress is that no prlamry 
school is prK»parly tclipped with necessary roaterlals and hooka, Thera- 
fore it is felt that the ainteniB qualification of prlr»ry school t^ch- 
srs la to be raised and the state should provide funds to supply ap¬ 
paratus md applSanoea to prhimry schools. Till th 0 n,sclenoa cannot 
be tau^t dffsotlvely at that loirel. Son:© states are already mo?- 
ing in this direction. 

In some atatoa like l^ysore where the new general science course Is 
yet to h© Introduced, the lower secondary school did not include aoleno© 
in its currlculuai before. In other states like Madras, Bonitay, etc,, 
the lowr secondary school is only part of the seooni^y school and sci¬ 
ence had already been introduced from th© first form oniards. More¬ 
over,in such schools there will be laboratory and adequate equipment. 

The teachers also possess much higher qmllfications. Hence, science 
teaching is much effective In those states at this level. The cour¬ 
ses of studies are ori^nised around some timjor topics and the subject 
matter extend® in a concentric way from grad© to grade. 

Before 1925, in a number of secondary schools acienco cxirrloulum 
included physics, chemistry and human physiology. After the publica¬ 
tion of th© Prime Minister Committee report in 1919, in England, (with Sir 
Arthus J .Thomson in the Chair) schools in India also, raor^niaed their 
syllabus in science aiid included Biology in addition. Proo tlmt tii» 
onwirda, the three special bw.nches of acienc© ware being taught. The 
special science course has now begun to give p3ace fcx- general actonce 
course. But in reality, physics, chemistry and biology are being se¬ 


parately tau^t as before. 
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ginoa Introduction of een^ral ocienca coura© ia a recent 
gvent ia tl» hlator'/ ot fcSome teaching in India and acme states 
have y®t ^0 ljBpl©«nt tb* mw curriculufn In their secondary schools, it 
jg better to con@id»r soc]© aapacts of our science technique as it 
existed during t ha ®a rl le r la y 0, 

A. Scldnce fmKmr.m In Indian Secondary Schoola,? 

The science course gori® roily includes physios, chemiatry and 
biology. In each hranoh sima top lea of interest and utility aM b@ 1~ 
eoted and grouped to fbrw the curriculum. Studies In Interest sur¬ 
vey and grading of haw not boon undertaken. Hence the arrange¬ 

ment of topics is purely academic in nature. Moreover, the syllabus 
la dictated to a great oxt©:it, by th© University experts since all 
aeoondary sohools cewch up to the University examination. But th® 
syllabus is to b© built to accor<lino© with the pupils’ ag®, ability, in¬ 
terests aixi aptitude. Further, the mods of the locality and th® 
ot 

nature »«i the environment where th© pupils live, are also to be taken 
Into conalderation. Until research studies are carried out in these 
fialds, it is not easy to construct a scientific curriculum, Tt» op¬ 
tional sclano© course Is divided into theoretical and practical* Phy¬ 
sios and chemistry will imV® provision for pupils' laboratory work. 

But the same provision does not exist for biology. Ger^ral biology 
which includes huran physiology also, does not form i/3 of th® general 
science course. It forma on® fourth of the science course (eatima- 
®<i on the basis of wthks allotted for each branch of science ), Hence 
biology is looked dom aa fciras Otoderella In tdie doumto of science. The 
stop^notherly treatment has J«d® many pupil® think that biology Is not 
such an important branch of science* However, this defect will c^se 
^ *xiBt thoo, the pi»opo««(| genexeil science course is introduced. 
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Tba pracfcleal work in physicla and. chaasiatry ia Intended not for 
all grads* twt for the 1 a st two grades of tl» aeoondany school and 
that too, only for thoae who take up sciena© a a additional subject. 
jjow-a*daya .there la a fTowtag. iendamy among tba te*ch®ra not to 
dlffarsnoiafc® ths tubjeofc into pmctioal and thoorefcloal a apecta,In 
th* general soi«»&a course* But it ia ©saentlal that aolenoe couria© 
should b® p»otical» If aoma of th® periods at least, are double 
periods, it la posaibl® to provide some practical activity to the pu¬ 
pils, in addition to the fchooretioal inatructim,and thvia the differ¬ 
entiation c«n b© avoided. 

Allotment of time fbr ilcienoes 

In th® old B©t up, the amount of tins® provided for soleno® pro- 
graBwa varied from itatu to state* In the mjority of secondary 
schools, 6 periods of 4S minutes each, were provided for genaml acleme 
In the first year and 3 periods in the reraainlng years* In the new 
set up, 4 periods are provided for general science in the first year 
and 2 or 3 periods in the remaining years* There la a general agi¬ 
tation that this provision shwild be increased at least, to 4 or 6 
periods per week# 

Adequate time has been provided for the optional science oatrae • 

Two single periods and one double period are provided for each of the 

thraa branohea of so lance, that go to form the group. That mean®, 12 

period8 are provided for the purpose* 

5* Science iJtbom tory - it® e<quipigentmd .ttamgawnti 

^ general eqpipment of the secondary school acienoe laboratory 

depends upon th® type of secondary school - the dovemmeht,Board, Muni- 

olpal or Private seoondary schools# These are the four nftln type# 

of secondary schools* Those secondary schools which are directly mm 

Sed by the at^te govemiaents have well equipped laboratories* ttmlcl- 
Pal or District Bmrd Bchools have comparatively poorly equipped 
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laboifl'toi’l®®* ^ o»so of »any private aldod aecoEidary schools 
tha laboratory oqulpsoaEmt is deplorably bad. 

^jBong the acieooo tochers in India there is a notion that they 
ahoald us® only costly oc^pllcatod apparatus for experiments, iteny of 
them do n^t try to tlm slrapl® apparatus which csan b© prepared ws- 

lly, Ibis Is aalnly due to the ftcts that they do not have mafflclent 
tine to prepare and many of them have not received training In that parti- 
oular art. There la need for drawing their attention to the importance 
of ualng alwpl® hoMe-made apparatus. 

A, word or two w y be mid regirding the plan of the school solenoo 
block* It oonslsta of 3 appar/tirente. The central room is smaller and 
Is used to store appAratua, chemicals ar*i appliance®. The one adjacent 
to It la the lecture dwoonatration hall. It may i»ve a gallery or not. 
It may have accomanodatlon fbr 60 pupils to alt. (though the maximum 
fixed la 40, It goes upto 60). On th® other aide of the store room 
there la the Laboratory, Fuplls In batches of 20, 25 or 30 will have 
to work at a time. There may be 3 or 4 work benches. Usually ^s bur¬ 
ners are absent. Sprit Lamp® are to be used. There will be a ocromon 
sink. 


6, Tbe Obleotives of Science Taaohing; - 

Until very recently purpose of secondary education in India ms 
considered to be mainly to prepare piapils to the University courses, and 
as such, the oouraes of studies were psirely academic , l^om the second 
quarter of this century there Ims been a reorientation of the purpose of 
secondary schoolIt ia stressed more than once, tMt socondary eduoa- 
tlon nmat not merely look at the university, but must also ear® for th® 
“»jorlty of pupils irtto will dlsoontlnue after »trloulatlxm. This Ms 
®®de Us resolve that our sewndary tohools must provid® a oomplet® 
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ftducflt/loD- by itisslf# ifc has "fco oai/di!* fhp ■fch© n.6@ds of a fow 

pupils who takft up z*€Woai‘©li adTOncod studlsa in tho TJiii.v© 3 ?ai'ty, This 
changed concept of th« purpose of aeeondary education has brought 
about a change in th# object! to® of tmchlng any subject at this level, 
and particularly so with regard to the twohlng of science. Further, 
this changed objectives of science teaching have Influeixoed to reorga¬ 
nise the science curriculum so as to fit In to the new needs. 

An analysis of the general objectives of science teaching Indi¬ 
cates that m should prlinarilj take into account that after leaving 1% 
school, every pupil must have been equipped with the ralntmum amount of 
scientific infonnation, skilly attitudes and appreciations which should 
form the outcomes of a course of general education, %© above objective a 
tnay be listed as follows 


1, Practical alms- To provide ability to pupils to understand 

ard live harmoniously with their physical, 
aoclal and material environment* 

2, Vocational aim:- To provide ability to learn a trade or take 

up a Job ard discharge the same with Intelli¬ 
gence and insist,to earn his livelihood* 

S. Disciplimry aims- To train the individual In the correct bnhiti 

of thinking, doing and behaving which should 
form the nooeasary equipment of the personality 
of a oitiaen of the solentifio age, 

4, Cultural aim:- To provide that amount of aclontlflo insight 

and Information which shall tom the necessary 
mental aake-up of every individual i&o would 
like to appreciate and understand the texture 
of the industrial civili^tion. 


Though the above four alms are domlixant in the minds of all science 
teachers, a fifth aim claims the top rank In Indian science teaching, 

The whole population l»e endorsed, frt^ times Immemorial, a civilisation 
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atat® of MOoMayy education Im fr@o, Th© pupils will 

to pay faos* ^©ry high, Tho total feea collac- 

ted will hot bo ft oorwWej^bla amount. Henoa th« school has to as- 
pand uponctha/r flmnolftl x»eso«ro@ 0 . With re^rd to the state secon¬ 
dary schools there will be IhliAy adequate funds to ©quip laboratory 
with necesattry ftppllames and apparatus. in the case of Municipal, 
District Board and other pri^te aecondtary schools th© anniml grant 
whl b® generally Insufficient to meet the needs of the laboratory 
up-ksep* 

8, Soience Teachers and their qualifloationa; - 

The mlntmUBi qualification required for a teacher In the low»r 
secondary school is a jmss In the im trlculation ©3carainat ion, ©qulva- 
lanfc to the Ordinary Level, Dwieral Gsrtifloftte of Education of U.K. 

(•O’ level O.O.K. 3!«»lnfttlon) ♦ Th® teachers in the upper second¬ 
ary or the High Schools possess the university degree. Many of th© 
acienoa teachers have studied only two or three branches of scleno® 

In their degree course. A Biology graduate will hav® studied botany, 
fihewlgtry and zoology. A phyaloal science graduate will have studlod 
Phyalca, shemistry and Itethematios. In some univerait3cs, they Wa 
graduate thiwtiselves with only two branches of aclenoa. In either 
case, the gar»ral equipment of science education at the degree level 
is not adequate in hr«dth to t^mch general solenoe. At present, 
science is tau^t In th© ftorm of its separate branches. Bach teacher 
is handling his sub^cftba or subiJeot. S<»i» of the twichers are 
Honours graduate® who have speoialifted only In on® branch of solei^e. 
They are much mor® incompetent to teach general solenoe. Henoe it 
is felt that new combinations of science subjects should be o3?fored 
at the University level. 
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If !&• - 

PHyaioal Soienoe (Phyalos axsd diesiisljry) 

BloXogiml Solwc® { Zoology and Botany) 

Ooologleal Sclono# 

Is Introduoad, It will h& poaalbl© to got batter toaohara to hanil® 
g«iepal iotaBDO. Such, gradmtoa ar© much more suited to t»oh 
general soleneo at tho higher lorol of the aaoondary aohool. In 
th® flml year of tho secondary school, tho new set up ©.nvisagss 
to teach scieno® In the apociallsed foria. For that purpose It wHl 
be neO 0 S»ry to engage graduates who have apeclallaod in Physios, 
Ohettlatry or Biology. There Is a move to Introduce general science 
&B one of the sajor subjeots for B.Sc, degree In sons© of the tJnl- 
versitie® • 

In connection with the lntx*oduotlcn of general aolesno© In all 
the secondary aohools of India, It la eyident, that the existing 
acienoe staff cannot be disbanded* Bather, it is necessary to glye 
them adaqtiate training through refresher courses so that they mf 
be able to Imnidle aatlsfhot^nrUy, those topics that are not studied 
by them at their degree level. Universities »ay also provide spe¬ 
cial opportunities for the teachers In sarvlo®, to qi^llfy themawlws 
to teach general ooieno®. 

With regard to professional training, many a time, fresh gra¬ 
duates without traln5.ng In teaching, are employed In the seoondapy 
schoolsj after 6 or 7 years of servloe they are deputed for train¬ 
ing at Government ooat. It Is felt that some weeks or months of 
profasaiomi training is essential for such freshers* But no sys- 
tematlo training provisions exist at present for sujh fresh teaoh- 

^eneser soleia?® teaohers are to be employed it Is essential. 
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In futttr® l^at, to gif© preforerKs© to thoa© who have atudlad as 
Bany b»Bsh®s of eciomo as posalbl© at th© d©gr©© lofsl so that th®y 
Bay be oowp«t®nt fro» th© aeadfflalo point of vlew^to handtegenoral 
floienee* It i» also ©seontial to appoint as fti* as possible, t^oh- 

ars who alfwsdy tr&liaad, 

9. mis Twehing Technique 

If th® ourrlculuw ©xpsrta war® to say that after all, it la 
the nature of sdeme curriculum that counts In the realisation of our 
desired goal, the paychologlata claim that the method of instruction 
plays a larger part. It is however, difficult to repudiate th® claim 
of either of them. Of course, it Is not my intention here to enter 
into the discussion of the above question. It shall form a topic of 
a separate thesis. Y®t it is wisa to realise fl»t, insplt© of th© best 
of curriculum, the outooroos of instructlcci will not b© satisfactory 
unless a aulttible technique la followed by the teacher. Hence, It Is 
essential to consider in detail thB various faces of the olasa-room 
technique that la being followed in the secondary school aclanc© pro¬ 
gramme In India. 


THBORJiPXCAL A8PS0I 

So long as there is clear demarcation between theory and pr®,ctioal 
and separate periods are allotted for each of them in the optiocAl 
science course, it is neoesa&ry to consider tl® techniques used in t’to 
lecture class and laboratory Imll separately* However^the unsuitabi¬ 

lity of dtfferentlatiating general science course Into theory and prao- 
tioal^will be sepawtely cchiidered* 

India being a large ocmntry It is difficult to expect that there 
la unlfonaity in the teohnlqd® teaching aolenc®* But tlw popular 




- 42 “ 


jnethod tolih la. taaintag colleges and in tJio px*ogr® 0 alw aocond- 
jpy sohcolSj i» tb© HerbftlJlon plan* It sa j b® advlaatblo to mention. 

briefly t;b« * ®topi or th® method* 

I. Ibe introductory step: Th© tcachor prepares th» minds of tl» 
pupils to tlm ©niui^ lesson by ©lioitlrc certain related ©xperlonc®. 

If it la a froah lesson Tm generally uaos a topic of social or bmt»n 
Interest as the introduction* If it is a oontInuatlcai lesson th@ r®- 
oapitttlat ion of th» salient features of tb® previous day^s lesson will 
form th# Introductlcw. The introduction oulralnatea In the statement 
of aim. This la g«!n®mlly mad® by the teacher with the pupils’ parti¬ 
cipation. 

II, The presentation stages This step which follows th© statement 
of aim la tl» prellminarj axplowtlon of source material. This may 
take the form of presenting an experiment, a specimen, a model, a chart 
ora film or a diagram. In any oas® It forms the main material for the 
dsvelopwent of the topic. Some times,® series of similar but vari¬ 
able types of ©xperlmente tiay b® conducted. Observed fhots will be 
recorded, 

ill. The comparison stage: Th® facta and figures observed or recor¬ 

ded In the previous stage, will be orpinlsed so as to faellltat® th® 
pupils to seek th® underlying principle or rule. 

iv, Gamrallsation stag®: In this step th© t®ach®r will guld^ 
the pupils to state in their own words th© principle or th® law that 
la underlying the fact a and figure a. The teacher may finally treat 
the wordings and bring It to tl» proper form. 

V. The Appllcatlcn stag®* la thin stag® th® teacher makes use of 
the juat then formulated primipl® or rule to explain certain 
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sitoaWons or to &om problawa. H© tries by this maana^to teat 

tlie "validity of thoir g©i»pallgatloa, 

Tbli is tit® popular plan on which th© laason proceeds. In case 
of biological topics #iara ganarallsation will not b© neoassary or 
posaibla, th® third and fourth steps mj b© oraittad. Then, the les¬ 
son looks Ilk© the inductlTO davelopraent of a dascrlptlv® topic. 

Thoughth© ftbova induotiva - deductlva lino of developing a lesson 
la really a sound teohnlqua there are many details Involved In it which 
nay go a long my to make or mar th® technique. It la therefor© ne¬ 
cessary to conalder certain special features of the above technique as 
they are actually being followed, 

1, The Frinolpla of **bearnlnR by Doing" 

The effectiveness of ’learning by doing* particularly applies to 
the field of sciame Instruction, For this purpose the subject of 
solenc© has ample scope aikl poaalbllitles, ®very science topic la an 
organised kno^adgo developed prirmrily, around some experimental acti¬ 
vity, If pupils were to be introduced to those actlvltlas while teach¬ 
ing science, they will really learn by first hand estperlenoe. But 
this naturally requires time. But th© responsibility of th® teacher 
to cover the lc»d of syllabus makes him, many a time, give out to tl^ 
students much of the knowledge regarding the topic through his talk. 

'^hls, rather curtails pupils’ initiative In the process of learning. 
Further, it encourages them more to be passive llatners than to be 
active participants# 

The poor laboratory equipment, even with regard to scan© of th® 
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lehools of »otropollt»ii oltlea^ cornea in th© my of providing 
activity to all ttw pupils of th® class, Th* num'bar of pupils tn 
tbfl class will fe® &a fcs 50 or 60, Naturally it booomos vary 

difficult to provide activity to tho®. They will lmv« to bo iwfcla- 
fled with tiM t^ohors^ domonitratlon of the ©xporlaient. Lot u@ 
hope for th® coninp; of a time when our schools will Mv® adaquato 
apparatus and appliances to provilo activities to all th® childron in 
the class* Lot ua also hop® for a tirae vhon w® can hav« SO or 25 
pupils only in a scicnc® class J 

11. The Problem aolvinR attitude 

Any good method of teaching sctenc© should create, to start with, 

In the minds of the pupil®, the dealr® to inquire into things. This 
inquiaitivenaaa Is best developed whan w® mk® them face a problem to 
solve. This atterapt of the teacher to place them in a oroaa-road situ¬ 
ation will make them devise ©jqperliaenta, acquire first l»nd lnJ^Drnmtion 0 , 
organise them and think of arriving at a solution. Hence the 
tlv® technique ahouM naturally create a problem to start with. Science 
teachers in India will have to pay proper attention to this aspect of 
tt» technique. This la Invariably to b® don® as an umvoidable part 
of the work at th® sM of the introductory step. Sometimes the pro¬ 
blem la felt by the pupils themselves anda,t other tiwa the teacher 
loads them to rrtliae the problem. 

ill. Motivation, the driving force for 
the "pupil's* 'intellectatal "aotlHtlea 

Though there Is a problem before th® pupils it can never be solved 
unless the pupils* interests are activated, Tht^ interest* amy be of 
a mtive type with th» urge for knowing new things. TMymay be @£ a. 
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secondary typejwith the urge to satisfy a strongly f©lt 
purpofl®. Xn the secondary school aclenca teaching It la the latter 
tjpe of Inttreat that geiwrally participates. Naturally, It la usual 
to eorrelAte the purpos® with a social Interest, Hence the teaohsr 
uaea an Introductlm of huann or social Interest. This strong pur¬ 
pose 891*wa as the raotlve force, and the potential energy of inter©a ta 
becomes the dytamic attention to solve the problem. The initial 
niotlTOtiai is k^t up till the prohlein is solved or the lesson is 
leamt. 

iv. Deatonstxnation of Bxperi- 
manta . 

Eiparlnienta in science class at this level, are generally inten¬ 
ded to develop the mtter and not for verifying laws or principles 
alrwdy leamt. Hence, the teacher to start with, should clarify the 
9Ct of tim experiment and direct the pupils to observe certain as¬ 
pects of the results. It Is advisable to provide each student a set 
of apparatus to try. But It will b© Injposslhle to Imive as many seta 
of apparatus as there are pupils# Fhrthar, some of the experiments are 
complicated In mtur® and the pupils my nob he able to conduct. 0^® 
may foel under those circumstances, the need for calling pupils to the 
demonstration table to observe teacher’s demonstration of tdie experiment. 
A3 th© strength of the class will be as high as 50 or 60 this will lead 
to tndlsolplIn© and hence not advisable to adopt. 

It is usual with the Indian science teacher to call the attention 
of the pupils to the wrlous apparatus and how they are to be arranged 
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whlla ooJKiuatlng tlM ©xp^rimant. H© will even Indicate ttm 
•raplous pi*e®au‘fcl<wa to be taken ^11© conducting tbe e:^®!*iments, 

In flsict, tl»S0 aectanlcal akllla conraoted with experiments can b« 
beat d@wloped by providing tham with th@ apparatus for oonddntiiig 
the ®xp®ri»«ntB* But it Is Impoaslbl© at present to mak® tb®ni oon- 
duot experiments in th® l®ctur@*-damonstratIon class du® to re»aona 
aforesaid. 


V^PupilB* Go-operation 

Since ©very aspect of the aduoatlva process involves both pu¬ 
pils’ participation and t«i.ch 0 r»a guidance, it Is but imperative 
that science teaching should seek the co-operation of the pupils in 
ths development of the topic. Thou^ w® notice this feature in 
the work of every science teacher, the ©xt««it to which the pupils* 
co-operation Is sought varies. This co-operation may take differ¬ 
ent forms. The pupils my b® asked to assist In conducting the 
experiment, in recording the facts and flguroai or certain answers 
from one pupH may be elicited to the benefit of the rest. The 
teaclier by thta technique may also keep up the motivation of the 
pupils. 


vl. The three steps in the 
developmert 

In almost mil the Induotlve lessons e:q>erlm6nt3 form the wjor 
and preliminary aspect of the activity. The teacher elicits at the 
raxt stage, t3» fact® and figures observed by the pupils. At the third 
stage, through well directed questions, the teacher leads them on to 
solve the problem or to conclude. The skill of th» teacher can b® 
estimated by the my In which he guides them to realise the principle 
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tt«t is Hiding in HHa w»b of fbots and figures. This stage of tHe 
lesson Is intended to dswlop in thea, the Mbit of aclenblfio 
thinking# clear Judgment and reasoning. Indian science teachers 
strongly hallev© In the statement that the pupils should alwys lave 
an open mlndedness, @o ©ssntial for scientific pursuits. While 
leading the pupils from fiiots to generalisation they are mrned not 
to 3utnp into conclusion but to be cautious. 

If it is ft deductive lesson the teacher draws the attention 
of the pupils to the problems of life. This will be the first stag®. 
In th© next stage, he guides them to find out the principle (already 
laamt) that can help them to sol'W th© problem. In the third step 
the pupils are guided to apply that principle to solve the problem 
befor® thsra. 

Whether it is an inductive or a deductive type of lesson the 
pupils have to develop th© habit of thinking, acting and belmving in 
a scientific m.j. Above all, the pupils should get into the scienti¬ 
fic mood which should ultimately develop in them,the scientific 
method of living. 


vll. Diagrams and Sketches 

Topics of science generally deal with matter and energy. For 

developing those topics escperiments are usually conducted. It will 

te necessary in all science classes, to help the pupils to prepare 

sketches of those experiments. They have also to take down figures 

* 

and diagrams which the teacher makes us© of as aids to teach. Those 
illustrations will not only help the pupils to understand better in 
the class,but also to revise at home. 

It la noticed In many sebooXs, that the teacher writes the figure 
.^.diagram after the eyneriwant is conducted or the topic la taught. 




3o»a teaoh^ra »y &mn writ© th© figura on th© bcnr-d beforo th© 
pupils oom© to til© class, Bath ar© imsclantlflo, Th® figures 

or diagraraa art totonddd to &&vm as teaching a Ida. What pupils 
compi?@hond through auditorj Isnpr®salons must be furthor strength- 
oned through Tiaual topretalons. if the a© two things ara simul¬ 
taneously used loarning will be wore ©ffeotlv®, Kaaping th© abo' 9 ® 
payohological principle in view, it la to b© concluded that the dia¬ 
grams and figures aitould b© do sloped on th© bt»rd a a the topic Is 
developed or th© ©xperimont Is prograsalng. 

Certain topics of science can be better illustrated throu^ 
photos or chart©. But it should b© romembered that they do not aerv® 
as models for the pupils to tak© down, Th© pupils can take down only 
line diagrama. So, ©von #ian teachers use prepared charts or oth©r 

complicated printed lllustrations it will be advisable to give a hhck- 
board diagram, J^ny teachars mj gat satisfied with the display 
of auch charts. 

■ Colours ttra used for black-board Illustration. No doubt, they 
serve th© purpose of making pupils to concemtrat© their attention 
on certain f(»turns or central points. In th© figure. But there 
is a tendency with many, to us© it for making the figures attractive, 
m reality use of colours will diseljab© the interest of pupils. It 
should be restricted to the minimum essentials. 

Some teachers in Indian secondary Schools prepare tl:® Ir own 
charts and us® tbom as aids to teach science. Of late. In certain 
states like Mysore, fuMs ar© set apart to help teachers to make their 
own teaching aids. This a»y encourage the teacher to prepare aids 
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vjtiloh w5al help his pupils to unclf^ratand the lesson batter. If 
the teachers are provided auibabl® training ±n stuffing and preser¬ 
ving spaoimans, glass blowing etc,, wood and metal work, they nan 
prepare better aids for the pxirposa. The training institutions will 
have to think of providing such training facilities, 

Vill. Tile aaalMament, 

Though some schools do not annurge giving home work to pupils 
the najorlby of secondary schools in India set home work to pupils 
In science as in th® case of other subjects, Th® teacher may ask 
tbs pupils to work out aotn® problems based on a principlo d©v©lo|»d 
In th© class or ho iw y ask them to draw a doagrara baaed on the sub¬ 
ject taught. But, the pupHa ar© not generally asked to d o Som© 
fresh original independent wo3rik. This is the major defect in th© 
natureof assif^rsent. Th© assignment should be such as to keep them 
active in fresh investigation or in the application of principle 
learnt, to solve their own problems, After learning the parts of 
a certain flower the pupils will certainly show interest in studying 
th© parts of a new flower. Similarly, innumerable examples can b© 
given for other topics also. Hence, an activity assignment should 
be set as home work instead of purely writing work. This will en¬ 
courage them to develop the spirit of Inquiry and original investIgpi- 
tion. Further, it will also help them to develop their power of ax- 
preaalon in clay, colour or language, 

Another important purpose of assignment is to develop the 
ability of applying prlmlplea to ;^rticular problems* The genera¬ 
lisations of science are not mere fhets to be learnt but principles 
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to "ba applied* The either in claaa or for home work, 

must; ©naur© this aspect. 

IQ. Taohnlqu© Employed in tha laboratory works- 

The aUGcass of the pupils’ latooratory work largely depends 
upon the imtur© of topio3,feJCKd»#' selected for practical treatment. 

Those experiments which ar© beyond the mechanlcjal skill and ability 
of pupils should not be included for practical work, but should be 
reserved for the teachers* demonstration wrk. Jilirther, there is 
need for mmlntalning a co-ordinated programme between tb© theoretical 
and practical work. A certain topic that is taken up for lecture 
demonstration, should be simultaneously drafted for practical work. 

If 1 particular topic tau^t in the theory class in the beginning of 
the y©ar, were to be scheduled for the practical work at the end of 
the year, no useful purpose can be served. The laboratory work for 
tha pupils in tlw Indian Secondary Schools is not satisfactory at 
present. There Is need for bestowing better care in the selection 
of topics for practical treatment. Further, a closer co-ordimtlon 
la to be iiaintainad between theory and practical. 

The class is generally divided into two batches. Sometimes 
the number in the batch will be ao high that four to five pupils ar® 
to be grouped together to work with one set of apparatus. This 
naturally, means that an abler student dominates in tl^ project while 
weaker pupils will rat»in simply observing. This may also contri¬ 
bute for certain unhealthy outcomes. The weaker pupils n^y try to 
copy down results of experiawits though they have not actually don®. 
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Th® teacher gmoially prej^ras a cycloatyled Inatruction sheet. 
This will be put up on the board in the laboratory or copies of hie 
aarae will bo tandod oyer to all pupila. It contains the name of the 
experlroonta, the problem to be solved and instructions, indicating the 
line of procedure. Many a time, the instructions given in the sheet 
Tfd.ll be quite Inadequate. The teacher may write down the whole thing 
on the black-bcmrd* 


In the beginning of tbs class, the teacher may ask all the pupila 
of the batch to come to his demonstration table and may demonstrate 
the experimmt. Then they will go to their work benches to start the 
experiment. 

Generally, the pupils foUow the instructions given and conduct the 
experiment. They record all that they do including description of the 
experiment, a diagwua of the api^ii^tus used, facts and figures collec¬ 
ted, obsarvationa made and the line on which they proceeded to conclude. 
The teacher keeps himself busy moving from bench to bench observing 
their work. He also seta them rl,^t if they have gone wrong in arrang¬ 
ing the apparatus. 

In many states practical woric is arranged only for Physios and 
Ohemlstry. This makes the pupils think that science includes Physics 
and ChMiistry only. In a few states practical work is arranged for 
Biology also, 

ii, Valuaticaa of Practical Records. 


The Practical records of pupila must tell the true atovf 
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srbat tliey did In the laboratory. It must Indicate the apparatus 
they uaedj how they ocxiducted the experiment, idiat they observed, 
the Ihcta they recorded and how they arrived at the conclusion. 

It must even indicate th© ml stake a of pupils. The tocher gener¬ 
ally inslata that they must record every thing there alone* But 
usually this la not strictly followed* The pupils however, write 
aomething in th® rough^ note-book and get the signature of the 
teacher for that, so that they my go home and -write down neatly in 
the record book. This practice leads to so many bad habits. They 
may copy down from another book or from a printed book and may even 
cook up figures. 

The tocher goes through their records and returns them to the 
pupils by the next practical class. In some states marks obtained 
for practical work will be counted for moderation purpose; in other 
states they will not be considered. 

11. Weed for unifying theory and practical work; 

Th® differentiation of th® aolenoe programme into theory and 
practical Is one of the reasons fbr its ineffectiveness. T|us short 
periods of 40 or 45 minutes set apart for theory will not be enough 
for the pupils to conduct experiments; so, they will be without 
adequate activity in the theory class. The laboratory work la not 
aatlafhctorily done due to reasons s-bated in the earlier pages. 

Hence it is felt tittt -the separata laboratory work and lecture system 
are not advisable in the case of general science programme. In this 
connection it i»y be mentioned that out of the total periods set apart 
for science there must b® at least, ^sefdouble pertodsof 80 minutes eacK, 

®f 8r#»UijAai Ku-ocA, 

0 ^ Accmu.- 
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should ba taken into conaidewition in perfecting any aoisnoe teach¬ 
ing method. In addltimi to the experiments to deveiop the topic, 
a nufflhei’ of aids can be used to make teaching effective and learning 
easier. Among those aids working modal a, ordinary models, preser¬ 
ved and stuffed specimens, charts, diagrams, films, filmstrips and 
optical aids are Important. Efforts are being made to get as irany 
aids as possible in ©very school for the science departments, Schools 
in general, possess raleroacopes, mounted lens, enlarging or magnifying 
lens, epidiascopes, etc. ' Of lata, the training colleges are demons¬ 
trating the Us® of ralcroprojactors for tej^chlng microptoplca in Bio¬ 
logical science* 

In addition to the need for having ready made teaching aids it 
will be necesi^ry for every teacher to prepare his own teaching aids, 
useful for hia im,rticular technique of teaching. Teachers' colleges 
give training to the science teachers in the work of constructing 
teaching aids. Some Universities have made It a rule that each pupil- 
teacher should submit some sort of teaching aid, specially designed 
by him, as partial requirement, for his course. This has given impetus 
for the science teachers to devise their own teaching aids. A list 
of such aids which the science teachers generally prepare la given 
below; 

1. Mlcroseotlon slides, 

2. Diagram slides, 

3. Gharta and Photographs, 

4. Diagramn®tic repre sentaticais, 

5. stuffed and preserved specimens, 

6. aolleotlon of plants and plant parts, 

7. Collection of shells, bcaies, etc., 

8. Birds* neats and Insect nests, 

9. Working models, 
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10. FUm strips, 

11. IS^lftrgscl moisls of* sniit®!! snd, plant parts. 

©to, 

Xndsdd til© tsaclisra rscjulr® ad,d.ltlonal training for tills purpoao* 

Tam© and availability of matorials and other fecilltiea are also 
esaent^l for this work. 

16. Other Methods for scienoe teaching; 

No doubt, th© Teachers* Colleges deal with a number of otl®r 
technique B in addition to the lecture-demonstrat ion a nd laboratory 
methods. The Heuristic method, th© project method, th© topical 
approach, the historical method, th© aasignment-diacuaslon plan, 
th© cc^oentrio method ®.nd th© type species approach are Important 
among them. No one can say that one is better than the other, 

Each one is suited for tesiching certain topic of science for certain 
age group. To a great extent ,the selection of method depends 
upon prirt«rily, the aim of teachingand secondarily, upon the pupils' 
ability and interests. Bvery method has its own special features, 
and some good features too. Science teachers In India generally 
find It convenient to use th© lecture-demonstration method. But, 
they i»ve to make use of the heat principles of all the other 
methods. A list is given below to show the particular feature 
that is generally of Interest in each of the above teobniciueac 

1. Th© Heuristic methods To arouse curiosity for Intellectual 

adventure, 

2. Th© Project methods To study things in their natural 

setting. 

3. The topical approach; To give human touch to lessons. 


4, The historical methods 


To mention the life of scientists 
and to develop cultural aspect. 
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'5. The asslsnnent-dlaouaslon To organise debates on topics 

Qf Bolezioe, 

6» The Concentric methodj I^or curriculum making. 

7. The Type apelo©a Approachs For guiding the pupils to know 

more about tto related forms. 

It is to be r^wllsed In this connectionjthat the geneimil tech¬ 
nique to be followed by the teacher Is neither this nor that. Bather 
it stwll be th© composite technique, evolved by selecting the beat 
futures from mnj contemporary techniques. 

The IPvpe Sneoies Approach: 

This teohniqu® which is purely an American contribution, la largely- 
being followed in India for teaching Optional Biology. The abler 
students at the age of 14+,have to select their Optional Subjects in 
the Indian secondary schools. Th© curriculum in Optional Biology 
is such a a to introduce the pupils to the various classes of animals 
and plants through a single representative species. This is neces¬ 
sitated because of the impossibility of teaching thousands of avail¬ 
able specie a In each phylum. By a study of the particular typical 
aaample of the class,the students are enabled to have an Insist into 
the general features of the entire class of animals or plants. For 
this purpose,the Type Species Approach which was first elaborated by 
Preston has become quite popular among Biology Teachers in 

Film-show as the Integral Tart of the teaching technique t 

Though films are being used In Ihdian Secondary schools from a 
quarter of a century, It la really a recent effort to make use of 
them as an effective vlawl aid* Of late the American, the Bn^lsh 
and the iDadlan film corporations are producing good educational films. 
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some of them B.m mil designed and uaeibl to use m the actual claas-Twvn 
getting* Among them ‘The Digestion of Pood in Man’, 'Th© Circulation 
of Blood', 'Reppoduotion In ten’, 'Excretion In Man', 'Dispersal of 
Fruits and Seeds', are some of th© important educational fUms. In 
recent years a number of other films on different topics of th© -vari- 
otts branches of sctencea of aclenoe are produced. At first, they 
ware merely used to supplement ^t tos being taught to the class. It 
used to look as if it la a mere ©ntertainment programme. Th© teach¬ 
ers' colleges ha^e devised a new and effective technique to make use 
of those educational films. The film, after a suitable introduction 
will be shown to the class. Generally, there is a god and effective 
commentary. After the film-show the teacher with the aid of a set of 
directed questions, will elicit the various features of the topic. In 
fbot, th® film Is used as the material of toatruotlon. It serves aa 
the anjor source material^ on th® basis of vdilch the entire lesson 
la to be develop^. The special feature of this method is that ths 
demonstration of the film is used as the Integral part of the claaa- 
room technique, and not as a mere visual aid. 

In fact, th© pupils cannot be active in this method in the sens© 
tint they cannot conduct any experiment. But the Interest of th© 
boys and girls ia nnlntalned throughout. The teachers' introduction 
provides adequate motive ftoroe. The directed questions in the re¬ 
maining jart of the le8iK>n,wlll also prompt them to think and to be 
active. In fact, It may not be a good technique for teachtog some 
topics in Ghemlstry and Thyslos where experiments and mathemtleal 
r^sonlng play a great part. It is really a boon In teaching certain 
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topics of biology, particularly human physiology where lllh acti¬ 
vities associated with physical and chemical changes,are taking 
place* No teaching aid. or experiment can better demonstrate to 
the pupils,how the various physiological activities taka place In¬ 
side the huumn body. 

The above technique of using films as the nnterial of Inatruo- 
ticsi was first begun In the Teachers' Collages and is liecQrailng 
popular In soma of the metropolitan schools. The technique however, 
las yet to become popular In the rural schools. It may take 
a long time to enter into the rural schools, because of the scarcity 
of proiactors and difficulty of getting the required films at the 
required time* 

In aesne cities of India,a Central Film Library la being organised 
so that the schools can draw the necessary films as and when they 
require. 

14. Bxploration of the Bducational PosaibllItles of Community 

It la essential to r^llse that every suhieot,to he bau^t In 
the school, has a domestic and social background. Naturally^a good 
lot of material found there, will be of educational interest. The 
school societies, the fhmlly and the society with its manifold or¬ 
ganisations will servo uaelUl resources for the children to explore. 

In fact history, geography, literature and other older school sub¬ 
jects are almys associated with the domestic and social llfb. Because, 
they being the earlier achievements of mankind, naturally, dominated 
in the domestic, social and political life of the people. Science 
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Is th© youngeat in the fkmlly of hmian achievomontsj naturally, 
it Ms recently begun to enter into the texture of the domestic 
and social Ilf® of the people# Though it Is the youngest,it is th® 
singular aohl0Vwi«Jt of iwsn tMt has the largest application in 
his lifo. I mean, aclanoe plays th© moat dominant ixirt in every 
field of husmn activity. There la not a single field in which its 
influence has not been felt* As such the lUmily, the society and 
all th® institutions provide ample opportunity for the study of 
science. In recant years, it is felt that all that a student should 
know cannot be taught within the four ^lls of the class room. This 
aspect la being realised by some of the science teachers. Schools 
are giving equal prominence to the study of science outside the olaas- 
rooffl. Soma schools may can it extra-curricular activities, others 
my call it oo-ourrlcular aotlvltlea. Of late th© Vferdha Scheme of 
Education i^ich is the contribution of India to the progress of modem 
educatlcml theory and praotioe, has stressed the Importance bf mak¬ 
ing use of all social facilities to the educatloml advantages; such 
activities are called in th© lardha scheme of education as Hh© Cor¬ 
related Activities”. This has received the approbation of educatlon- 
Ista and teachers at all levels. Hence secondary schools fe®! it 
important to explore the community resources to the educational 
advantages. 

As in other countries, science la influencing the domestic, 
industrial and social life of the people in India. Even in the re¬ 
motest comers of the country the modern machin®rles are in operation, 
toads, ocsamunioatlons, transport, agriculture, industries, commerce, 
organised Institutions are all full of aclentlflo atmosphere. Th© 
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pupils ttsii a sood lot of sclanca In a practical aattlngj tlirou^ 

those coiTOtunlty resources« The science teachers in the secondary 

schools are fuHy amre of the educational potentialities of these re¬ 
sources* They c^n prej^re an annual prograrame of work for the ex¬ 
ploration of the community resources. A list of such items are given 
below to serve as illustrations: 


1. Studying the Town Water Supply 

2. Studying the work of the Health Service Unit 

3. Studying th© Hydroelectric Project 

4. Vialt to Sanitary Departments 

5. Visit to the Hospital 

6. Visit to Pkctories 

7. Visit to Exhibit ion a and Industrial Fairs. 

8. Visit to the Zoo^. 

9. Visit to Botanical and Horticultural Shows, 

10. Visit to Forest Plantations. 

11. Visit to the Telegraphic Sxchange. 

12. Fl®ld Trips. 

13. Excursions, 

In fact,the above community resources are to be considered as part of 
materials of instruction. Unless they a re used, instruction la in- 
oomple t®. 


The problem of exploring the community resources Is intimately 
associated with the availability of time and finance, schools, take 
the pupils to tt© places of visits on saturciaya and Sundays. This 
has made the pupUs think that it is not part of the school work. But 
it la hunmnly impossible to provide a place for visits in the school 
time-table. However, th© science teacher must have freedom to take 
the class out of the school ,if be finds It necessary. This work wHl 
be largely fhoilltated if double periods are introduced for sclenoe 
tea ohlng. 


Another difficulty in the my, is financial in nature. Some 
schools collect money from the children whenever they think of going 
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out. Many a tlm® the pupila feel It difficult to pay. suoh 
pupils caxinot pay^will n.ot ba allowed to panticipa to. So, a 
large number of pupila lose the benefit of this programme. It 
farther n®k®s them thlnlc that it is not educational but pu*aly a 
luxury. 

To mk© ti» above programraa affective two suggestions may be 
mentioned* 1. ih© school time'-table must be framed such as to in.” 
dud© the study of community resources. The science teachers must 
bav© additional Ibcillty of freed cm to take the class out if and 
when necessary. 2. The state must consider th© ©jcpsnditure incurred 
on this behalf as part of educational finance* If these two sug¬ 
gestions are implemented our acleno® teaching can b® enriched to a 
great extant; pupila can realise and appreciate the role, scleM® 
is playing In the human society. Above all^ they connect what they 
laam in th® school with the society, thus bridging the gap that ex¬ 
ists between education and life. 

It should be mantlonod in this connection that th© teachers gen¬ 
erally do not pay proper attention tp -the follow-up work. After 
visiting the community resource centre, the pupils must be asked to 
report. This will encourage them to develop their ability In ex- 
presslonal art. It la also essential to create proper motivation 
for the work by a previous talk to tlie pupils before going to the 
places; Th® teacher should try to guide them properly during visits 
so tlwt they tea y get th© waxlmum benefit out of it, 

15. Preparation of Olaaa Kotea by Tupllsi 

The Training colleges Insist upon tlie division of the lesson 
into suitable thou^t units. Further, they a iso Insist upon giving 
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a black-board ammmry at th© ©nd of each thought unit. This will 
no doubt, i^cilitat© th» children to tak© down tto ©aaential points 
of th© portion, coTarod, Farther, to help the pupUa to tak© down 
the technical terras correctly, they will also be advised to write 
thera on the board after tha Ir meaning ia mad© clear. In actual prac- 
tlo®|it is noticed that tmny teachers deviate a good lot from the 
above technique. Many tmchera airaply try to dictate elaborate notes. 
This results In the pupils neglect to learn the art of note a-taking; 
they sioiply learn the teachers* notea by heart. This fact is clearly 
indicated In their answer japera in which similar answers are reproduc¬ 
ed. It is therefor© essential to pay as much attention to this 
aspect as to the other aspects of technique. The blaok—boj^ard 
summary must bo developed of course, with the co-operation of the pu¬ 
pils, But the teacher should see that only the essential aspect'of 
each unit is developed on the black-board. Th© pupils should be 
asked to study tlm details In the textrbooks or other source materials. 
The teacher as in other subjsets, should guide them properly in th© 
art of not©a-t»king. This will enable them to prepare lecture notes 
in th© college classes. The teacher may call for pupils’ notes now 
and then,and go through them. 

16. The School Science Glubt 

Every subject tau^t in the secondary School has generally a 
platform or a club of Its own. similarly, the deparhnent of science 
should also or^nia© a Science Club. Its activities should be so 
organised as to provide opportunities to the children to develop the Ir 
potential interests, skills and abilities in science, in a social 
back-ground. 




- 63 


Th.© following ar© sow© of tb,© activities ttat can be or^niaed;- 

1 . To start minor cluba to enootirag© hobles of scientific 
imture among the pup11a. 

2. To arrange for the reading of papers, reports and dia- 
cusalona relating to their experience in science. 

3. To invito soientiats to speak on topics of scientific 
Interest, 

4. To encourage pupils to collect matters of scientific 
Interest from newsi^pera and journals. 

5. To provide li^t aclenc© Xiteratur© to tbe pupils to 
read. 

6. To wain tain a school g^tUdan. 

7* To look after the school aquarium. Vivarium, etc. 

8. To organlae aclenc© exhibition. 

9. To collect cBterlals for the school museum. 

10, To ps^n and arrange excursions to places of scientific 
interest. 

At present, only a few schools in I^dla are having science clubs. 

Bven in those schools where tt»r© are clubs, they are not functioning 
on sound basis. It is essential to see that clubs function effecti¬ 
vely to enrich and broaden tti© scop© of the school science programme, 
A more effective state and cent3?al educational leac^rshlp in this 

direction is being sponsored In recent days, through financial grants 

g 

and technical assistance, 

17. Testa and Examinations in Science; 

Just like other aspects of education In Ijijdla, examination is 
also strongly centalIsed. Each state is having its board for the 
purpoa®, Th© exteriml examinations will be held at the end of the 
secondajpy school course. There wHl be a slngio paper In scleme 
and questions are sot separately In three parts, l.e,, Physios, 
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{jh®Hiistry and Biology both in th© Optioml and General Soieno® 

Schemes* Many of the questions will be of the traditional essay 
type. I» recant years^ as a result of tlB initiation by the Teach¬ 
ers* colleges, imny states are including new type testa also. It 
is possible to improve the present science question paper by increas¬ 
ing the proportion of new type tests. Of course the present sohem® 
of eanamlnation in science as in other subjects,tries to measure only 
their ability to remember Ihcts. Attenpfcs are being mad® to introduce 
testa that can measure other objectives of science teaching also. 

Froin the tocher*a point of view the class teats which are con¬ 
ducted once or twice in every temijare more Important. The teacher 
can thwby, understand the effectiveness of his method so that he can 
effect any change in his method if necessary. But no stanciardlsed 
new type tests are available in all states. Pbw testa that ar® 
standardised in India are in the regional languages. There is need 
for standardising testa in the regional langiages of the different 
states. The method of valuation of the pupils* answers should also 
improve, Tl^ teacher should try to mark the mistakes and return th® 
'^est papers early. He may maintain a case record for every student 
wherein he can record his particular weakness and watch his progr/eas. 

IB, Diatznoatlo Tasting md Remedial Practice in Science Programmej. 

Science la comparatively a new subject to the life of the Indians. 
It is noticed that the achievements of a large number of pupils will 
be particularly poor in this subject. A large number of pupils fell 
in the external examination,because of their comparatively poorer 
aohlej^vement in science. Hence,a new problem arises with regard to 
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thD00 puplla,backlwrd in icience. In feet,they are pupils whose. oichi«v«Tn«nt 
oan h© improved by special treatment and individual attention. This 
statament 1® proved by the feet that a large numl^r of such pupils 
go for private tuition or coaching classes. This situation has cre¬ 
ated a problem in aoleno© t^ohlng. Naturally .they have to de¬ 
vise some course of action, throu^ which the backi^rd pupils are 
specially treated. 

The above problem does occur in other subjects also. Language, 
Matheimtlca, History and Geography have already evolved schemes to 
treat pupils who are backvard in the respective subjects. The back¬ 
ward pupils are sorted out by administering diagnostic tests. Then, 
they a re divided into remedial groups on the basis of their particular 
weaknesses. sach group is then,specially taught by suitable techni¬ 
que, This programme of diagnosis and remedial measures has proved 
quite successful in those fields. 

It is noticed tlKit a large number of pupils will be very poor In 
their achievement in science, Uany a time, the teacher will have to 
revise the lessons for the benefit of such pupils. Ye^lt, It is dif¬ 
ficult to say ‘Mother they will be really benefltted by it. It la 
necessary to study their exact difficulties regularly,from the begin¬ 
ning and to administer suitable treatment^ The reed for constructing 
and atanctordiaing diagnostic tests In science is keenly felt. This 
naturally,leads on to Inqul^ as to which are the specific abilities 
tlBt go to form the total achievement in science. In feet, this la as 
new to the West as it Is to India, However j it is considered tlc&t 
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th .0 following are "blie specific abHitiea that go to form the 
achieven^nb in acieiKs© education; 

!• Actual knowledge, 

2. Ability to genei^llse, 

3» Ability to apply principles to problems^ 

4. Scientific method. 

Efforts are being made to construct suitable diagnostic tests 
and standardise them, on the above basis* After the tests are 
stanctordlaed it may be possible toa«rt out the weak and adminlator 
remedial treatment. Till then, the teachertand the schools, cannot 
sit quiet. The educational mortality in science is so large that 
some sort of rough measures should be devised without delay. 

Attempts are being made in India by the post-graduate students 
and the members of the staff of the Teachers' Colleges to standardise 
diagnostic tests for the purpose. Meanwhile,some science teachers 
can try to sort out the backwqM pupils and provide them special ins¬ 
truction, The experiment kas proved quit© a success in nany places* 
It renalna for the states to make use of this technique as effadbively 
as possible, to prevent the alaimilng wastage in aolenoe instruction 
at tie secondary school level. 

19> The Background Knowledge 

Science is growing^at a much more rapid rate than any other 
subject in the history of nanklnd, Naturally the wealth of scienti¬ 
fic material la also increasing. It becomes a problem to the curri¬ 
culum experts a s to what to include and ^lat not to Include,from the 
huge wealth of science,In the school curriculum* Even if all the 
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topics are aotnehow, Includod In the cairrloultun, it will become a 
huge Ic^d to the olaaa-roora teacher, Sven If the teacher were to 
attempt to cover all of them. It wHl become an unhealthy load on 
the children. The progressive countries have already realised this 
aspect of science teaching. America, while tackling this problem, 
iffls resorted to teach only the essentials in the class and treat the 
rest as background knowledge. Many schools In America are trying 
to provide this background knowledge through the exploration of the 
scientific posalbllitlea of the community resources. England of 
course, Is trying to provide pupils with the background knowledge In 
goience, through films, radio,television, etc. It is difficult to 
state idiich of the above two is a more effective solution. So far as 
India is concerned,ifcls adltfls^lble to nmke use of both these technl~ 
quea. Some of the aohoola are getting films from the circulating 
film library. seminars and workshops are being organised both at the 
state level and at the central level to train science teachers in 
the effective use of visual aids. Each state is now laying emphasis 
on the correlated activities In science teaching. The community re- 
sources also be used to provide additional background knowledge 
In science, which cannot be provided in the class room. 

This problem nay look insignificant to-day. But a tl^me will 
come shortly, when this problem assumes serious form and proportion, 
as the subject of science is rapdily increasing in the wealth of Its 
contents, 

20. The llewlv Designed Multipumose Schoolai 

The Goverranent of India la setting aprt a large sum of money. 
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©^ry yaaj?, to aid th© states to start new type of secondary schools 
which they Mve designated as Multipurpose Schools. These schools 
are the contributions of India to modern educational practice a t the 
Secondary School level. As the tame indicates,these schools will 
oat©r for the needs of varying interests, abilities and aptitudes of 
children. One nay feel that India has designed these new schools on 
the lines of scan© secondary schools now in existence, in the three 
progressive countries of the world. They are; 

1. The secondary technical schools of TJ.K. 

2. The oompreheuslva schools of America 

3. The labour centred complex schools of Russia. 

Though the multipurpose schools of India do possess some of the spe¬ 
cial features of each of the above throe types of secondary schools, 
they are purely of an Indian origin, designed to suit the needs of 
India . 

Though it is not necessary to describe a BOultlpurpose School here, 
it may be useful to know the nature of science programme there, Pupils 
are admitted at the age of 13+ and it is a course of 4 years. In 
the second year, pupils are to be divided into two streams on the re¬ 
sults of an examination consisting of intelligence testa cum achieve¬ 
ment tests and aptitude teat. Those who possess high I.Q. and apti¬ 
tude for higher academic education ,will be advised to go for cultural 
education. They can study either scienco and mathen®tics or humani¬ 
ties as special subjects. They form the cultural stream. The other 
str^m Is the vocatloml stream. This diversification is partly, in¬ 
tended to avoid rush In the University and partly,to provide education 
suited to pupils’ tastes and abilities. To what'ever stream the 
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pupil vAf belongjhQ, baa to afcudy gene3?al aclanoe^^ Bat the pupils 
of the soienoe and. ujatheniatica group of the cultural stream^will 
haw to study acienoa and mathematics as elective aubjecta; pupils 
of the vocational stream will have to study applied science In ad¬ 
dition to the vocational subject. Three or ^tour periods of 45 minu¬ 
tes each are allotted fbr general science, per week. This is found 
thoroughly Inadequate. Tktear^e-double periods of SO or 90 minutes each 
and nine single periods are allotted for optional science. It is in¬ 
teresting to note that the applied science course varies from vocation 
to vocation. Only that amount of science releijant to that particular 
craft is Included as the applied science. This can be compared with 
the so-oalled background science Intended for students of the secondary 
technical schools and secondary modern schools of Bngland. 

21. The problem of the Abler Child; 

The Introduction of general science in India will naturally raise 
the problem of adenoe education for the abler children. Those pupils 
whose l.Q. is above 130 may be considered as the abler children. No 
doubt,their percentage will be too small. Yet, some sort of provision 
should be mde to provide them education suited to their ability. In 
the present set-up of the secondary schools they a re permitted to take 
up addItlonalwoptional science. in the new set-up also they will be 
permitted to study optional or elective science. But they have to 
study general science also which is designed for tfew all the children. 
Moreover,India is convinced that a background of general science at 
least till the 18th year, will help them to specialise in any branch 
of aoienoe, in later ages. The newly designed multipupose school 





whisli provided for the diverslflcatIon of pupils at the age of 14 
Into oultuwl and vocational streams, pro vide a three types of aoience 
eoursess-* 


1. Geflaeral Science Course for all. 

2. Optional Science Course as electives 

to the abler ones. 

3. Baclcgrcnind or applied science to llu. of 

Vocational stream. 

There is provision both in the existing and in the new set-up of secon¬ 
dary schools,to provide science education suited to the Interest and 
ability of pupils. 

22. Inspection and Direction; 

The Secondary Schools of India are under the control of the State 
Director of Bduoatlon. The Deputy Director or the District Education¬ 
al Officer will conduct the Inspection of the school. Many a time,the 
Inspecting officer nay not have studied science in his University Course. 
Yet,he is eligible to sit in judgment over the work of the science 
teacher. There are two disadvantages of such a typo of Inspectlon:- 

1. The teacher's worth may be wrongly estinatedj 

2, The teacher may not get correct guidance to 

Improve hla work. 

This problem has already engaged the attention of all the state 
departments of education. Efforts are being made to employ Subject 
Inspectors. Each Subject Inspsctor will go and inspect the teaching 
of hi® subject. The Educational Officer or Deputy Director may Inspect 
the school work later,and may prepare Inspection notes, basing his 
opinions on the individual reports of too subject inspectors. If this 
scheme is given effect to, the teacher will receive proper help from 
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a qualified person to Improve his work. 

The Soience Teacher and Hia Problemss 

Science teaching is developing into a distitlet profession. Every 
where, science teachers iBve organised professional bodies to improve 
their social and professional status. The science teachers of India 
Imve also felt the need for organising themselves. In a recent con¬ 
ference of ^ienoe teachers and Method Masters held at Simla^ it has 
bean resolved that a national body of science teachers should be formed 
on the lines of the Science Masters Association of England. Attempts 
are being made to or^nlse the same early. The Organisation naturally 
will have to work not merely,to Improve the social and professional 
status of science teachers, but also as an organised authority to consi 
der problems of soienca education in Indian schools and colleges and 
suggest means and methods of improving science Programme in all grades 
of instruction. 

At present the science teachers in India are facing four major 
problems. They are considered below, in order of their urgency. 

i. Meed for adeouate time to prepare or set up apparatus for 
class demonstration; 

Oenerally the science teacher like other teachers in the secondary 
school,has a heavy load of work. He has to work for about five peri¬ 
ods every day, Maturally he will have no time to test the apparatus 

i'm 

before actually demonstrating tl» same^b^^ewe^the class. It is no 
wonder. If many a time^his ejqperimental operations go unsuccessful. 
This unkea him an object of redlcule In the class and pupils lose 
confidence In him. It is therefore, essential to arrange school 
time-table such as to lea^e enough time for tte teacher’s testing hia 




|»on®tration ©xperinjenta, Heixe.thla problem ia to be tackled 
with all the urgency both in the Interest of the teacher and in tlB 
interest of effective science Instruction in the school. 


il« Proper Laboratory equipment and 
management 

Laboratories in amny of the secondary schools, are without 
proper equipment. The grant for fresh purcha ae of materials, appa¬ 
ratus, specimens ard chemicals ,wlll be quite inadequate for the pur¬ 
pose. The teacher will be unable to provide suitable activity to 
children. This naturally, makes the science class a dull room of 
mere talks. The educational advantage of a well equipped laboratory 
should be realised. The teacher must be able to command all materials 
h® wants,both for class-room demonstrations and for pupils* prac¬ 
tical work. 

ill. Need for a common national Platform 

Though there are various organisations for other teachers in 
India there is no separate or^nlaatlon for science teachers to express 
their difficulties and discuss their problems. The formation of a 
National science Masters Association will provide a common Platform 
for science teachers to seek redress to their grievances andaLso to 
(ffer their expert advice in the matter of curriculum construction, 
class-room technique, schedule of work, etc., nfcloh will go a long v»y 
to improve science Instruction in the country. 

There la a further need for organising Science Masters' Asso- 
©lationa at the state level also. This body will function to improve 




- 73 - 


programme within the state In particular, it can derive 
^ inspiration i*roKi the national organisation of science 

Meters * 


1^» Need for ftolllty for •profeasloml training 

Sciejxe as a subject of study, is Inoreasing every day,both, 
in quality and in. quantity. The present decade has witnessed not 
Merely the growth and application of the accumulated wealth of 
@©l®ntiflc knowledge, but also the change of our conception regarding 
the ultimate nature of matter and other things. It is not wise to 
ask a teacher to teach his pupils without knowing these marvellous 
changes. Hence it is necessary to arrange refresher courses in basic 
sciences so that the science teachers can try to keep themselves 
abreast of the growing subject. Phr-reachlng changes are also tak¬ 
ing place both in the educational theory and in its practice; this 
nooessltatea the need for organising short-time professional courses 
so that they wmy acquaint themselves with some of the newer techni¬ 
ques and teaching aids that have come into the field,after they were 
trained in the teachers' colleges. 

The Training of teachers should be considered as the combined 
responsibility of the centre and the States. Conferences, Seminars, 
Workshops and refresher courses should be held both at the state 
level and at the central level. This problem should receive the 
urgent consideration by all those concerned,to ensure the necessary 
background for an effective science programme in the schools. 

An Insight into the Future; 

India's past glory stands on her achievement In the field of 
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B«Ugloii and Phlloaophy. But the nation has realised that 
It, li essential to organise Its social and Industrial life on 
lelWQ llneai For this purpose,periodical plans for industrial 
gi^ social progress are prepared, naturally, India manta teohnl- 
sknSf overseers and skilled mrorkera to nan the old and new indus- 
ttlal oonoerns. It Is realised that soieiBs instruction at the 
prlaary and the secondary school levels should provide a suitable 
fpmadation for this purpose. science programme Is a led being 
recrgaaiaed at all grades of instruction to ensure the production o 
reoulsite man-pomfer for our industries and to create a nation that 
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< CH&PTBR IV 

flm Inoreaalng Depend fox* Solence Bduo^tlon 

India tfta BlmjB andeavoured to make uae of sclentie foi» th© 

%gaeflt of Hnnkind, Thou^ the need for developing our industries, 
«,|B'i(!fultur@, transport a rd oommunioat ions on soientific lines^is 
stressed in the earlier jagea, the country has already commenced to 
fregress on ihoae lines. There is a stable and damocraotic central 
pvarnment with its well developed administrative Ttachinery, baaed on 
modern means and methods. The various parts of the vast country are 
linked up with one another by a net-work of transports and communica¬ 
tions. Throughout the length and breadth of the country th© vaatar 
of th® great rivers la fully used through well planned irrigation 
works and river valley projects. Its merchant vessels and air liners 
flay over the globe, thus connecting with India ,the rest of the man¬ 
kind, In recent years, the nation has resorted to planned economy 
on Industrial development. The natural resources are being sur¬ 
veyed and attempts are made to harness them to the nation's good. 

maaber of hydroelectric projects have been developed all over the 
tountry. The power thus generated is used to run the Industries 
©B the one hand, and for irrigation on the other; villages, towns and 
cities are being illuminated with the same source. In all these 
nation-building activities, science is playing a positive role. This 
fact has been realised by the nation and it has established throughout 
tbi© country innumerable institutions of various grades, where science 
i* taught among other subjects. In recent years,emphasis la being 
• on introducing solence even into the primary or the basic 

BUrther, the flrstetomlo reactor la already in operation 
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a&d til® nation has evolved a plan to harness the energy of the atom 

* 

|l0p’^@ao©fal use of mankind, thus intending to supplement the powr 
generated by other means. In addition, a system of National Labo- 
jttorles 3 been or^niaed for oarrytng on scientific invest!^tions. 
Ttoflj Science is playing an Increasingly important role in the indi¬ 
vidual and the social life of the nation. 



The majority of people In India are agriculturists. The advent 
of Industry is attracting more and more people to work in fhcto^^rlea. 

Sven those who depend upon fhrmlng for their living, have recognised 
that improved and scientific techniques in agriculture will be more pro¬ 
fitable. Both the villagers and the town people are evincing keen 
interest in the nation's economic plans. They rejoice at the great 

stride the country is making in the Industrial field. They are proud 
to see their power projects, their metalurglcal works and various other 
ftotories and tw^naports and communications. Though the people are 
essentially religious minded, they have realised that India like other 
progressive countries,has to build its national economy on an industrial 
basis. They do appreciate the potentialities of science which la at the 
basis of all Industries. Their democratic responsibilitiea have com¬ 
pelled them to take greater and greater Intere-^ta in the country's plan 
to step up induatria, since that is the only way of creating a welfare 
state. Sven those people living in the remotest villages of the country, 
have felt the positive affects of science in improving their living 
conditions. In the dally life of every individual, whether urban or 
rural, innumerable applioationa of science can be noticed. It is also 
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tftt® aolence is piaying a special role In influencing the un— 

villagers to discard mny of the eve 11 traditions. The 
Individual Is gradually endorsing the spirit of realism and rational 
oatlook* Thus there is a prooeas of revolution going on in the life 
of the individual, both In his emotional and in his spiritual outlook. 
Though scienea and technology are not so much developed as in the 
western countries, they are certainly developed to the extent of playing 
an Increasing role In revolutionising the life of the-individual and 
the community, 

gcience In General Education: 

The people of India have realised the potential contribution of 
science to the progress of mankind. They have also realised that mny 
of the evils wrought by superstition,will vanish as science advances 
into the life of the individual and the community, Naturally, there la 
a growing desire on the part of the thinking public, that every scheme 
of general .education should provide a place for science. Science is 
oonaidered to-dtey, as Important, if not more Important, as any other 
subject of study in the school. 

In the primary schools of England and Vlfeles,Nature Study la being 
tau^t as a separate subject. The teachers have felt the Inadequacy 
of the scope of the subject to a modem child. They do feel that they 
have to t^ch some aspects of science, in addition. Though the educa¬ 
tors and teachers do not like to change the name of the subject, they 
have realised tint some aspects of the achieveements of man can be In- 
aluded as topics of study. Some of the teachers do teach some such 
topics of science, interesting to the children. Such a course will 
tabs the form of genei^al science. Nature Study does exist as a 
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of study in the Bdtaary schools of India. As early as 1937 
■(jIi® leadens of the country detected its Ina dequacy,and recommended 
■bb® Introduction of General Science in its place. The Basic Bduca- 
tloh Oonimitte® gave a definite place for general science in the courses 
of studies for the basic schools. At present, most of the children 
discontinue their studios after primary education. Hence, it becomes 
all the more important to include science as a subject of study in ti® 
prinany schools. Then only it will be possible to siake primary educa¬ 
tion complete by itself. 

Secondary education which extends up to 17th year of age tas 
still greater significance to the political, economic and the industri¬ 
al life of both the Individual a nd the society. since a good number 
of students who enter the secondary schools,will discontinue their 
studies at the end of the course, the secondary education should pro¬ 
vide a complete general education to one and all. This naturally 
Implies that a course of general science should be included as a com¬ 
pulsory subject of study in the secondary schools. Then only it will 
be possible for those who enter into life Immedlately, to participate 
in the various fields of activities as successful individuals and 
Intelligent citizens. 

m England and Vfeles all the Institutions above the primary schools 
have now become secondary schools^ Whether Grammar^Modern or Techni- 
oal^Schoolsa re primarily institutions to provide general educa¬ 
tion. In India, a great variety of Institutions that admit pupils 
after their prlji»ry education, a re purely technical schools and are 
devoted for the instruction of on© or the other vocational subject, 
naturally, they do not consider that their primary purpose is to provide 
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a g@ti 0 i^l ©duca 151011* Agricultural schools, commercial schools and 
horticultural schools ®© some of the Institutions of that type. In 
^lea and Scotland,all such Institutions have no-w, hecom© 
secondary schools, Haturally they have included science as a subject 
of study. Hence it is essential to include all subjects in general, 
and science in particular, in the curriculum of such technical schools 
in India,as mentibned above. 

Science as a subject of general education, even In the secondary 
schools, la only the basic minimum scientific equipment that is es¬ 
sential for ©very citizen. It does not mean that no more science need 
be tau^t in advanced courses,for general education. In England, 

ISfekles and Scotland, no doubt, science is studied in the Universities 
only by a few that too, as a subject of speciallaatlon. No older Uni¬ 
versities are teaching science for all,as a subject of general educa¬ 
tion. But It is Interesting to note that this idea of providing a 
general education through science, is being experimented in on© of tb© 
new Universities namely, the North Staffordshire University at Keele, 

In its four year course, the first year is devoted for foundational 
atU(^a. Whether a student Is going to specialise later, In arts or 
science, he has to study in the first year, both experimental and 
social sciences as well as the humanities. This, no doubt, is a new 
ideology in the philosophy of English University education. But the 
soundness of the new scheme has certainly attracted the attention of 
many progressive educationists. The growing wealth of science and its 
myriad applications to life, have made ua realise that even the 
secondary school science instruction as a part of general education. 

Is not adei/quat© for future oiblaena. In whatever subject one may 
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apeotollae In tha Unlvoraity, ha does I’equlpe a higher background know- 
lag® of soienoBjlf at all he ^nta to serve the cause of an every- 
Inoreasing industrial society. The message of this new experimenta¬ 
tion in the field of English University education is that specialisation 
In the University should bo undertaken on a firm and broad base of 
general education. Science certainly, forms aniniportant subject of 
such a general education. Indian universities will have to consider 
this aspect of the English philosophy of University Education. They 
can so design their courses of studies as to provide a sound general 
education to all students whether they are taking up humnltias, social 
studies or scienoe subjects^for their specialisation. 

Now, it is essential to say a few words about the place of science 
in adult education. The scope of adult education in India, no doubt, 
is quite different from that in U.K, or U.S*h. In the latter coun¬ 
tries where education is compulsory^adult education takes the form of 
providing further education to those who could not continue their stu¬ 
dies as regular students but entered into life directly. The Workers’ 
Educational iiaaoclation, The University extra-mural departmeats, the 
Evening Institutes and other social organisations are the important 
bodies that are responsible for this work In those countries. Invaria¬ 
bly science and its applications do find an important place in the 
programmes of those bodies. in India, where education is yet to become 
compulsory, the percentage of illiteracy is so high that the main 
scope of adult education has been to wipe out illiteracy and spread 
literacy among the milllona that had no opportunity to study In schools, 
In their younger days. In many of the states adult education asso¬ 
ciations are started and a net-work of literacy centres are opened. 
Sc©n@r or later the states will have to provide general or professional 
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education to those who could not oontinu© their studies further In 
schools. The educated adults also require some provisions to 
develop their interests. Hence the scope of adult education has to 
increase from literacy work to regular provision for further ©duca- 
tlon. Certainly, science should find a prominent place in their 
courses of laatruotlonat all levels. 


Therefore, In addition to the existing provision of science 
as a subject of general education at various grades of instruction, 
new provision is to be made in certain fields like primary schools, 
adult education and University education. This is justified by the 
ftict that our industries are rapidly growing and that the life la fast 
becoming more and more complex and technical. 

What purpose shall our Science Bducation Serve i 

On© may be tempted to prepare a long list of aims of science 
teaching. But an English Science teacher generally contents himself 
by laying erapahala on the following four objectives: 


1, practical aim;- To provide ability to pupils to understand 

and live harmoniously with their physical, 
social and material environments. 

2, Vocational aim;- To provide the ability to learn a trade or 

to take up a job and discharge the same with 
intelligence and insight to earn his liveli¬ 
hood. 

3, Disciplinary aim:- To Provide a syatamatlo knowledge of science 

to the pupils and to train them in the cor¬ 
rect habit of thinking, doing and behaving 
which should form the necessary equipment of 
the personality of the citizens of the 
scientific age. 

4, Cultural almt- To provide that amount of sclent if lo insist 

and information which daall form the mental 
make..up of every individual who would like to 
appreciate and understand the human endeavour 
in shaping the texture of the induatrlaldadt 
civilisation, so characteristic of the solenti- 
fin a ga. 
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The abov© paragraph refers evldentljjto the aims of taaohing sci¬ 
ence at the secondary schools. It is easent^l to assess the oh- 
jeotivas of teaching science In the primary school. The objectives 
of teaching Nature Study were mlnlys 

1 , to tr^ln the pupils in the work of observation and other 
abilities that serve to lay the foundation for the 
systamtlc study of science, 

2, to train the children in bhe power of expression. 

3, to create an interest In nature. 

These objectives, oertalnlij, are essentialotad provide a basis for 
studying science in the secondary schools. Those abilltlas like the 
iMkbit of observing, interest in nature and power of esqprasalon will 
go a long «iy in their learning science. But, one more item is to 
be added In connection with the objectives of teaching general science 
In the prinffiiry school. After all, the scope of Nature Study when 
extended Into the field of human achlevement^an appreciation of the hvT'nan 

Ohis +,Jma 

achievement. can be comfortably, added as the fourth objective 

of t^chlng science in the primary school. But American educators do 
not distinguish between the alma of teaching science at the primary 
schools from thofeeof the secondary schools. They consider that the aim 
of t^ching science is the same at all levels and feel flaat each stage 
of the child, will contribute its own part towards realising the 
total objectives set before. This aspect of the objectives of science 
teaching will be separately dealt with at a later stage in this volume. 

Of the aims of teaching science at the secondary school, the 
shove four objectives are the Important on©a. But the emphasis on 

each of th®a® objectives varies from one type of school to another. 
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The disciplinary aim with Its stress on systematic study of science, 
scholarship and rigour of laboratory method,is the special ob^edtive 
of teaching science in a Grammar School* in the Modem school the 
emphasis Is on the practical aim. In the Technical School tte empha- 
als shifts on to the vocational bias. Wo doubt, the cultural aim 
which involves both the ability on the part of the pupils, to under- 
standa^tid appreciate the human endeavour underlying the new civilisa- 
ticaiwad the training In the way of living In a scientific age,are 
certainly, cherished as important in all types of secondary schools. 

Hence, it becomes clear that the routine list of objectives cannot be 
followed as they are. Hather, their extent, scope and emphasis vary 
according t 0 the nature of the pupils - their ability, aptitude inter¬ 
est and the general aim of education. Since the aim of science teach¬ 
ing greatly Influences the teaching technique and the course contents, 
it is essential to consider to what extent,each of those objectives 
should influence the composite aim of teaching science in a secondary 
school, 

The disciplinary aim of science teaching la In conformity with 
the demands of the University entrance e^tamlnatlon. But how many of 
the students of the Grammar Schools in U.K. go to University for 
higher studies ? The percentage mngea from 6 to 7. Only a few of 
them take science as their subject of specialisation. Hence the 
empahsis on dlsclfllnary aim In general, with respect to all students in 
the Grammar School, cannot be proper. From the modem and technical 
secondary schools,the students going to the Universities are very few 
and as such,the dlsolplinany aim cannot be so much emphasised. 
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mether a student goes to the University or not,science educa¬ 
tion must help him in the practical aspects of hla life, Henc© this 
aspect of the objectives of aclenoo teaching la important for all 
students* So, the practical aim needs emphasis in all typos of aecon- 
aary schools. Those vrarda also hold good with the cultural values of 
science teaching. \Vhether they are students in a grammar school, 
modem school or technical school, they have to live in a society 
based on aoianc© and its applications. Naturally they have to equip 
themselves with the scientific culture. Whether he is destined to 
become a technologist, a politician, a tradesman or a farmer, he should 
know the dominant culture of the age. Hence, cultural aim of science 
teaching should be stressed in all types of secondary schools. 

Some educationists may consider that emphasis on vocational bias 
should be the Important objective of science teaching. This stater 
ment may seem proper with regard to the students of the technical 
secondary schools, k knowledge of the principles of science related 
to their vocational subjects,may help them to do their job better. 

But that Is pmely with regard to that amount of science which is 
directly related to their vocational s^ubjects. It can be better 
called applied science,like mechanics. But general sciene is quite 
different from it and it should be remembered that It is part of the 
school curriculum Intended for general education, A course of gen¬ 
eral science Includes topics of many branches of science. Naturally 
to give vocational bias to such a science ooursa, means stressing on 
the application of topics to Innumei^ble Induatrlas# W® do not know ' 
one's fhtura course of life. Much less do we know what sort of vocation 
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In Ilf© h© l3 to taka up, Undor theaa uncertain clrcumatanoaa it 
9 @ 8 xns raeaningfLess to go on drawing the iraplleatlons of each of th© 
golenc® topics to the related industries. So ^ vocational aim shall 
not loom larg© in teaching general science even in the technical 
secondary schools* Much less so with regard to other secondary 
schools* A-jj hest^ the Implications of this ohjective is only to dww 
the attention of th© pupils to the pii^ctical application of the know- 
ledg® or skill they learn, to every day problems of life. 

So, the objectives of teaching general science to any student 
of every type of secondary school,are mainly two-praotical and cultural. 
Then only the inclusion of science as a subject of general education 
in the secondary school curriculum,can be justified. 

In upholding the importance of practical and cultural aims of 
aclenc© teaching we are not underrating the importance of the discipli¬ 
nary and the vocational objectives. They are also important sine© they 
are directly related to tha progress of scientific investigation and the 
de^lopment of technology. But only a few members of a hug© population 
My be destined to become research workers and technologists. Our 
aecondary schools should foster and strengthen their talents. But there 
are separate courses of science for such pupils. In a Grammar School 
there is scope for taking up one or th© other branches of science as 
Special Subject. The emphasis in teaching such a science course should 
b© on the disciplinary value. This is also true with regard to the 
technical schools where the pupils will have to study th© theoretical as¬ 
pect oflhSfi vocational subject. -It may be a course of applied soleno© 
like mechanics, home-science, machine drawing, etc. Th© emphasis in 
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thos© coui* 30 s sliould b© on vocstlon©,! objoctivos, Even those studonts 
ar® ooKffl 3 C>n. lndlviduS .8 ^o h^ve to live in a societyj pervaded by the 
implications of acienoe* Hence even though they have.to study special 
aolenoes or applied aclemes, they too have to study general science. 

It Is not our object to consider here even in the barest outline 
the objectives of teaching science In the Universities. But our 
work will be Incoinplete if we do not link up the objectives of science 
teaching In secondary schools, with those of teaching science at the 
University level. No doubt, in almost all the Universities,acienoe 
la studied as a subject of specialisation. Even In the lowest grades 
of the University the objectives of science teaching is to provide the 
pupils, education in one or the other branches of science, ensuring 
particular discipline and deeper scholarship in that narrow field. 

In the later years of the University Course, it is to encourage inde¬ 
pendent study in a still narrow*/field of the subje ot ,leading onto 
academic research work. This state of affair presupposes that science 
becomes a subject of vested interest in the Universities and that a gen¬ 
eral course of science for general education is unnecessary at that 
stage. In recent years,there Is a revolt against this ideology. It 
is upheld in sobj® quarters that growing complication of the human 
society and the rapid growth of technology demand some sort of aolence 
education even at the university level for one and all. This Ideology 
la supported hy the fact that the complexities of life are eve^f-ln- 
creaslngand a a such ^evary individual should know much more of acienoe 
than ha can possibly study in his acshool days. It is Interesting to 
note,that this new Ideology is being experimented, at Keel® in the newly 
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started Horthsta fjPordshire Unlvaralty. The first year of the four 
year degree course is devoted for the study of three groups of sub¬ 
jects by all the students of the University, The first year course 
Includes (1) Huimnitles {2) Social sciences and (3) Bxperiraental Sci- 
anoes. ^aether the student is going to specialise in arts or scl- 
anca^h® has to study the various branches of science. Thus it is a 
aolenoe course designed to provide a general education. This is ex¬ 
pected to serve two purposes. Firstly, it has to help the student to 
equip himself with richer scientific Informations to understand and 
appreciate the ever-increasing Imi^ot of science on human civilisation, 

secondly. It has to serve as a broad foundation to specialise In any 

% 

subject, In later years. 

There are two types of science courses in Indian secondary schools. 
One of them la for the gifted a nd talented few. That is the optional 
science course. The other is the general science intended for all. 

In the new educational set up the secondary schools will retain these 
two types of oouraea. The proposed multipurpose schools will have 
a vocational stream. The pupils of this stream will have to study 
general science in addition to some applied sciences related to the 
particular vocational subject, they have selected. Naturally the ob¬ 
jectives of science teaching is to be considered in the light of these 
provisions of a varied type, intended to meet the needs of the varying 
ability, needs and interests of pupils. 

In India unlike in U.K,, a good pupils of the secondary 

schools proceedb to the Universities for higher studies. Nearly 45?^ of 
the pupils that pass out of the secondary sohools^Join BJV • or B.Sc, 




oouraes in India, where as it is onlj 6 or in u,k. and a little 
higher in TJ«S*A» This state of aflhlr is partly due to the high 
preaiiuin we iBVe set on University quallficsations and partly due to lack 
of adequate provisions for technical and further education fhcilitisa. 
In the new educational set up attetnpt is however, inade to prevent too 
many pupils proceeding to the University, particularly those that can¬ 
not benefit by an a cad on ic type of education. This diversification 
is done at the secondary school level. Those that are likely to be 
banefitted by the University Education will be streamed out into aca¬ 
demic stream, and only they can enter into the University. Their num¬ 
ber naturally will be a ana 11 percentage. Even among them,a good 
number of pupils may choose arts subjects to specialise. So,those 
students have no more opportunities to study science. Hence, It is 
clear tl::at to a great majority of pupils sclanoe for general education 
ends at the final yearjli of the secondary schools. It should be borne, 
in mind that like other subjects of the secondary schools, science also 
should be taught such as to provide ^complete general education. Since 
the cultural and tlKi practical objectives are important to on© and all, 
the stress should be on tha cultural and practical aims in teaching 
Science fVir general education. With regard to the optional sciences, 
tha stress should be on academic or disclpllniary aim. But vocational 
objectives should dominate only in the teaching of applied soianoea. 

Nature Study in the Primary schools la giving place to general 
science. The objectives of teaching the subject,need also an ex¬ 
pansion, m addition to train the children in the power of ob¬ 
servation and expression and to create an interest in nature, the 
development of an insight into the achievement of man may be Included, 
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The approach should be primarily to ^tlsfy th© curiosity of the 
pupils* This is a practical objective. Though we have adtocated 
that general science should be taught at this level it must be made 
clear that we mean in its functional aspect and not in the formal as¬ 
pect. The modem child in his everyday life will be coming in con¬ 
tact with hundreds of events exhibiting the witch-craft of modem 
machinery. Haturally, ttosa^^ posses swan interest to know the why and 
what of those wonders, Certalnly^those interests of the child must 
be satisaed. But the way in which we do it should bo suited to his 
ability. Even though we cannot make him understand how the aeroplane 
fl.iaa,w 0 can make him understand that it is a machine made by man and 
used to carry men and material in the air^at a very fast rate. It is 
in this sense that we have advocated above, that the subject should be 
taught with an emphasis on its functional aspect. 

At present, most of the Indian TTnlversitlea provide courses of 

studhB similar to those provided in tie older Universities of U.K. 

This is quite natural since Indian Universities were or^nlsed in thd r 

5a a. 

model,to start with. Naturally,science like other subjects sub¬ 
ject/ of specialisation from the very beginning. So .science is stud¬ 
ied only by those who want to specialise in one or the other branches. 
There was practically no provision for t^ohlng solenoo to Non-Scientlata 
tH till very recently. From a couple of year a ^ following the suggas- 
tionsmade by the University Education Ccmimisslon (1948), the Univer¬ 
sity Grants Commission and the Inter-University Board, a course of 
Science la being introduced Scythe non-science speolallsta in all the 
Universities of I^dla. But thei^ is a tendency to reorganise the 
courses of studies such as to have', a broader start. 1^ this connection 
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our experience of the ideology underlying the new University Centre 
at Keele|Will certainly throw soHie light. The world of to“day la 
much more complicated than that of fifty years age. Ifaturally sci¬ 
ence like other subjects of geneial education,need extension beyond 
the aeconttery school level. By this,we mean ttot in the early years 
of the University Education,a broad based aim of teaching science for 
general education, should be cherished, and specialisation should be 
postponed to the second year at least. Then it will be possible to 
build any speoUisation in science on a broad general science eduoa- 
tlon. 


Similarly, the objectives of teaching science for those who could 
not continue after secondary schools or to those who had no opportu¬ 
nity to study in the secondary schools, should be primarily, to enable 
them to live a a successful citizens in an aver-growing Industrial 
society of a aolontlflo age. Secondarily, the aim should be such as 
to help them in the profession in which they are employed. Hence the 
stress should b© not only on practical and cultural values but Elao 
on vocational objectives. 

One of the serious social evils in India la the prevalence of 
a strong superstition in the minds of the majority of people. This 
fUot la responsible for many of our fentaatio beliefs and behaviours. 
For the progress of the society and for its adjustment to a new social 
order, la aed on the objective ways of living, this superstition should 
give place for reallam and rational thinking. .The spread of scienti¬ 
fic outlooto and the soienbiflo method of tackling the probleana of life 
will go a long way to wipe out superstition and its consecpient evji^^ll 
effects. Hence, science teaching at all levels including that of 
adult education, should try to develop aclantlflc outlook and scienti¬ 
fic spirit. Thou^ the method of science should develop as the end- 
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point of teaohMg aclenos, it is possible while teaching, to indl- 

* on 

cate the scientific lines/which many problems of life can be solved. 

No other subject can claim to contribute to abolish superstition from 
the minds of lij,® nation better than science. Hence, science teach¬ 
ing should aim at developing in the minds of the pupils and the people j 
the scientific outlook and scientific spirit as well as the objective 
mys of fbclng and solving the problems. 


The Importance of science as a subject of general education 
can here be considered in the light of the criteria for assessing the 
success or failure of the system of education of a community, parti¬ 
cularly at the adcloBoent stage. Those creteria invented by Prof, 

Kandel as expressed in hia recent publication entitled 'The New Era In 

3 

Sducation', are stated below;- 


1 . Are the sohoola developing young men and women who are 
Informed and Intelligent about the social, economic and 
political tasks for which all have some responsibility? 

2. Are the schools producing yoting men and women who have an 
appreciation of the form of government under which they 
live and its meaning In terms of their responaihilltles? 

3. Are the schools Inculcating ideals and standards of co¬ 
operative living In a democracy? 

4. Are the schools insisting upon any recognisable standard 
of achievement? 

5. Are the schools seeking to cultivate and disseminate Intel 
leotual and other interests that will stimulate further 
education after school days are over? 

6 . Are the schools turning out citizens equipped with higher 
moral standards and intelligence, trained to understand 
and meet the complexities of modem life? 

7 . Are the products of the school not only more InteO-llgent 
but healthier, happier and better equipped than with 
traditional elementary education only? 
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Tba above questionnaire la baaed on the alma of secondary 
education. Every question la baaed on one or the other aspect of 
those objeotlvea that contribute for the Individual development on 
the one hand,and social efficiency on the other. k perusal of the 
realisation of those outcomes of educat ion, indicate a that science 
teaching invariably influences the child's life in every on© of those 
aspects. This further lays emphasis on the paramount importance of 
an effective science programne in schools. 

The modem advances in transport and communications have brought 
countries together so a s to convert the whole world into a big f&mily 
of nations. This naturally demands a better and a closer understand¬ 
ing among the nations. No nation can ll!^© aloof to-day. Hence 
science which has brou^t about this unavoidable necessity of co¬ 
operation and understanding among nations, can also help to translate 
this ideology to r^lijjfsm. As everyone knows,it is a 3ub;]ect that 
is never influenced by the narrow barriers of caste, community, creed 
or nationality. It is the asset of all nations and i<t developed by 
the common and^vour of all people. Naturally, it is full of po^tan- 
tialltles to contribute for the growth of internaticnal understanding. 
But this aspect of the subject las not been fully realised by many 
of us. To that extent we are not making use of science as an instru¬ 
ment to spread peace and Mpplness among mankind. The science teach¬ 
ers certainly render a valuable service to mankind, and prevent its 
threatened destruction. If they can endeavour to develop In the minds of 
the youngsters,the international responsibility, goodwill, co¬ 
operation and understendlng, all of which^the world of to-day is so 
iMidly in need. The science teachers in India should cherish this as 




oQo of the ultlfflate objectives of sdeuoe teaching! 

Herbert 3penoer while advocating the Inclusion of science In 
the eohool ourrlculun, prophesied In the rslddle of Inst century, 
that science which v»a then treated as the Cinderella In the Ibmlly 
of knowledge,would soon emerge out as the moat feivourite princess 
of mankind. Within a century or so, the prophet'a expectations 
have been over-realised. The wealth, the potentiality and the Inpact 
of science have so much developed that it baa succeeded In revolu- 
timislng our outlook, our behaviour, our ways of living, our culture 
and civilisation. In the background of such a social order, science 
stands preeminently as a subject of general education to one and all, 
and of special education to many. It therefore, becomes the sacred 
responsibility of the leaders of the country to strive hard to extend 
the benefit of science education to one and all, 


o|o|o|«|o|o|ojo|o 
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GH^PTBR V. 

Progreas of Solenoe Education la Bnpgand. 

The Kngllah Unlveraities remained mostly centres of imparting 
Imowledge till the middle of the 19th century. This reapons Ibility 
of banding over the cultural heritage of the nation, extended In the 
later part of the century, to^advancement of knowledge through the 
encouragement of research work. This provision for tte extension 
of the existing boundaries of knowledge ^s meant not merely for stu¬ 
dents but also for the matured minds. Indeed, science teaching at 
the Universities to-day, is the outcome of the realisation of the fact 
that we cannot afford to via It for the occasional contributions by the 
unaided genius. As some knowled^ of science was felt necessary for 
the professional purpose, the state and the society had to or^nise 

a system of science teaching. Now it is realised that a knowledge of 

science is necessary for every citizen living in this age of indus¬ 
trial civilization which has been inspired and guided by it. This 
realisation compllad the secondary and the elementary schools also^to 
Introduce science in their curricula. But one cannot forget that the 
present established place of science in the school curricula was achi¬ 
eved not simply and automatically hut as a result of the pressure of 
growing needs and inalstant struggle. The history of this struggle 
is Interesting both from the point of view of the growth and develop¬ 
ment of solenoe and from the point of view of the influence on its 

methodology and organisation. 

The beglxmlng of Scientific spirit and the Dawn of Academic 
Science; 


Roger Bacon In tto© middle of the 13th century, heralded the dawn 
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of the modern European Science. His "Compendium Studii Philoaophle” 

©mphasiaed the need for studying Natural Science. The Interest 

he created, brou^t about a change from the formal to the experimental 

studies as a result of which the intellects were set to follow the 

course of realism in educational pursuits. The medleaval unlversi- 

tlea which were founded just by that time, took to the study of the 

Greek classics to know that science. This classical revival wis 

merely to study the science in the olasslos, and experiments in the 

14th and 15th oantujtlBs ware intended to verify Galen's statements. 

Through those dissections an Interest was gradually developing in the 

study of Natural Science, in the year 1543, the birth of academic 

science w^s inaugurated by the publication of iDe Revolutlonlbus 

Orbium Celeatium* of Coparnloua and >0© Eabrloa Oorporia Hermanl* of 

Vasalluaf The publication of the latter original studies turned the 

attention of the intelleotjjiis from the authorities of the classics to 

the realistic studies of science, The authority of Galen in the field 

of Natural Science, came to an end. Harvey set out to explain the 

mechanical movement of the heart and disapproved the sacred statements 

a 

of the olaaalos. This oreated/growing desire to Investigate things 
rather,ttan to believe in others. Thus was laid the foundation for 
the experimental science, 

Francis Bacon in the later part of th© 16th century,announced a 
regular method for the study of science. He laid th© foundation 
for th© study of science and became the first philosopher of science 
and popularised the subject. His publication of the ‘Advancement of 
Learning* appealed for the recognition of the supreme worth of science, 
Rene Descartes in the beginning of the 17th century,propounded th© 
regular modem philosophy of science. His ‘ pisoouraea on Method* was 
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publlshsd In 16 37. It indicates the main steps of the scientific 
Methodology and the same la expressed In the following deacnlption 

9 

of a scientific thlrikei*: 

1. He never used to accept anything for true which he 
did not clearly know to be as such; he avoided 
precipitancy and prejudice. 

2» He divided each of the difficulties into as many parts 
as possible. 

3. He used to think by comraanclng with objects, sinplest 
and easiest to know, and reach the more complex. 

4, He used to make enumeration so complete and review so 
general, that nothing was omitted. 

The first step in his method la doubt. The next step is the analysis 
of problem. The third step is the experimentation. The last step 
is generalisation. He recognised no outside authority but depended 
on reasoning, think so* therefore I am so' was his method. This 
spirit of methodical study was further modified by the later discover¬ 
ers like Newton and the spirit of experimental science became the cha¬ 
racter of the age. Asa result, popular interest began to develop in 
the study of solonoe. In 1662 the Royal Society of Science was founded 
for the encouragement and advancement of the study of science. By that 
time, science academies were formed in Italy, Germany and Prance, The 
study of science tUl then, was only for the philosophers who g^ive 
lectures now and then, both to the people and to the students. 

Prom the beginning of the i3th century Grammar formed the core of 
the university curriculum. The influence of Ariatotellanisrn was strong 
Oh the school studies. Some branches of science however, entered into 
University curriculum by 16 36. But no place was given for Natural 
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g(ji 0 iic 0 • Tins ©airlisi* aiib^scts to ©ntei? into ths nnlvGi'sity ooursss, 
were Mathema tics * Astronomy and Physics as those branches of science 

andL 

were ahead In study^development, The teaching naturally,lagged be¬ 
hind the advacing knowledge. Till the 19th century public shools 
did not include aciuiice in their curriculum. In 166 2 Botany tos how¬ 
ever, included by the Universitlsa for medical students only. In 
1836 Anatomy was introduced in London University as a subject of study. 
Later on, Philosophy also made its entry. By 186 0, the Natural 
Science tos also introduced. 

Science into the Secondary Schools; 

By the middle of the 19bh century attempts were made to IntJK) duce 
science in the secondary schools of England. Some schools did not 
show interest while other schools readily introduced the same and even 
provided for practical work. The Public School commission and the 
School Inquiry Commission were appointed to inquire into the position 
of science. These two Royal commissions studied the curriculum of 
secondary schools and submitted their recommendations for the improve¬ 
ment of the place of Natural Science in the public schools. The Gora- 
misalon upheld the viov/ that the study of science in the schools was 
Important both from the individual a nd from the social points of view. 
The School Inquiry Commission in 1864, in their Report stated that 

Natural Science was practically excluded from the contents. They argu- 

! 

ed 'that science quickens and disciplines the faculty of observation 
which in very rmny persons lies dormant through-o'at life; that it 
develops the power of accurate and rapid generalisation and the mental 
tablt of method and arrangement; that it trains them in the habit of 
chasing the sequences of cause and effect and fhmiliarlses them with 
the act of reasoning and corrects all sorts of indolence and lack of 
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alertness** While upholding the Importance of natural science they 
did not try to mlnltiilae the importance of classics J They recommended 
that one hour may be devoted to Natural Science and two maini branches 
of the subject !my be Included in the syllabus. This was followed by 
gome schools ■wlllin{^y, while other schools tried to have it merely for 
earning the grant. In reality, many schools did not show sufficient 
interest in introducing science. The schools were unwilling to accept 
science as a desirable companion of the other older branches of know¬ 
ledge. But it was found to be the most useful subject by the outside 
society. The educational value of science began to develop into a 
subject of serious contraversy. Corlyle accused science for ’destroy¬ 
ing the mystery of the Universe*. Many classical scholars felt that 
it was Mklng the ’rainbow cold*. But the head masters of public 
schools gradually had to face the reality and to find that science had 
come t 0 stay. Provision had to be made to teach, science in secondary 
schools. Laboratories tad to be built. But it vras difficult to get 
teachers for science* The well known scientists of that time,were merely 
unqualified philosophers. The Devonshire Commlaslon in 1875, stated 
that science in addition to the imparting of knowledge, trains pupils 
in the habit of observation, reasoning and self-check.'^ The committee 
felt that science was more important than any school subject, more easier 
than arithmetic and more interesting than any other subject. 

As supported by Phraday, WHliam Thomson, Ramsay and the teachers 
of Mechanic Institute of London and Evening Schools, the above Commis¬ 
sion recommended that science may be taught from the age of twelth year* 
They also stated that out of thirty five periods, six periods may be 
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clovotad for th© ■bssoTilng of scIqiicq in a wsek, Tho study of sci 0 n.c© 

TOS explored by the Gommiaaion with reference to its benevolent influ¬ 
ence on the aohlnvement in other school subjects Including classic a. 

4 > 

So they reooinmended that: 

1, All Public aM Endowed schools may devote six hours for 

the instruction of science in a week; 

2, One sixth of the marks in the examination may be allotted 

to the KTatural Science; and 

3, The same proportion may be maintained in the school leaving 

examination also. 

Object lessons in. Primary Schools; 

There wa a a donand for science teaching from the public even in 
the elementary schools, A Committee formed by the London School 

Board in 1871, recommended that a graded series of object lessons may 

B 

be taught in the elementary scho<3§* Herbert Spencer, Huxley and 
others tried to show the relation between science and life. London 
School Board soon issued a slyllabus for object lesson. in 1881, 
about 7000 children In elementary schools took Animal physiology; 411 
took Botany and 51 took mechanics. This popularity of biological 
science was due to Huxleys books on Physiography and Physiology, 
Gladstone introduced an apparatus box for science experiment. This 
created in children, an interest in science hobbles. Teaching method 
consisted of oral lessons with the deraonstration of simple things. 

In 1882, a Government Code was enacted that some phenomena from Nature, 
life and life-occupations may be listed for infAnt schools and that 
elementary science iwy be prescribed for senior schools. Thus some 
aspect of science entered into the school curriculum. But the subject 
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In lS89j the British. Association Cominittee emphasised the 
need for having practical work and this resulted in the feeling that 
demonsti^tion method tos really good. H«EJVrmstrong, a university 

professor of chemistry, introduced the practical method and the 
Heuristic study in secondary schools. This technique soon entered 
into elementary schools also. Very soon physical acleno© was re¬ 
placed by Mature Study as it could comfortably yield to heuristic 
treatme nt. 

The education according to nature, postulated by Rossaau and 
worked out by Pestalozzl and Bk'obel, developed /object lesson as 
a technique of teaching. It did enjoy a brief popularity. But its 
contents were not purely science. Moreover, there was growing in¬ 
terest in soienoa. Hence a new subject began to develop which was 
designated by Basedow a little earlier. Efforts were mad© to in¬ 
troduce it into elementary schools by the end of 19th century. Prom 
1850 onwards jsporadic provision for practical work in Natural Science, 
particularly, in Zoology was made in some secondary schools. Thou^ 
the Heuristic method prompted practical provision, the method itself 
went into disrepute I But other effective teaching methods wore 

evolving. Science was fh st becoming a subject of both profit and 
pleasure. It wis about to be proclaimed *highe3t alike in worth 
and beauty* as Spencer declared. But the Cinderella of the curri¬ 
culum enjoyed only a brief triumph. The Board’s Regulation of 19o4 
gave It a subordinate place again. It stated that any two branches 
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of science xmj be taugHt In the schools. a a a result of this, only 
girls used to take Botany and thattoo to leave off after fifteen, 
in ftvour of domestic science. The above code also made the object 
lessons compulsory in the upper 3 standards, P\ill provision was hoW“ 
ever,made for those students who had to leave the school at 14, for 
teaching science In an effective method. This nsoeagitated the 
Inclusion of the methods of teaching object lessons and laboratory 
work in all training colleges. 

The pressure of an exterm 1 examination came in the way of 
the progress of the method of teaching science. In 1911the oonaul- 
tatite Committee suggested certain changes in the scheme of examina¬ 
tion and bhe pupils ware allowed to pass in groups. This brought 
about further neglect of science since they could pass this group 
without studying science. The position had practically worse/ned 
when, in 1917, the prime Ministers Committee was appointed to investi¬ 
gate, particularly the position of Natural Science. After careful 
enquiry, the committee expressed the following viewj-^ 

1, General Science may be included till the sixteenth year. 

2a For pupils under IS^plant and animal studies should be 

Included in addition to Physics and Chemistry, 

3. Every day aspects may be taken for consideration in those 

science courses. 

4. All the pup Us in the first school examination should pass 

in mathematics and science. 

5. School results should be taten into account, 

6. The Committee realised the need for practical work. It 

upheld the demonstration lesson as a very useful 
course particularly to deal with life problems as 
related to topics. 

7. For pupils above 16 years upto 18th year, utility of 

soieme may be taught so that they may understand that 
the subject la one of human Interest. 
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TTi® British. Association of SclsncQ started a ayatematic pro— 
granmie to guide the teachers in the progressive methodology of sci¬ 
ence teaching* in 1919^ Ore gory advocated after discussion, that 
the various ejcaraining bodies should revise their courses in science 
so that it may become complete and nay anticipate college courses. 

aregory again in 1922, stated that science la not for embryonic 

7 

doctors 03? engineers, chemists or biologists! He advocated that 
It must be for general education. The possibility of including such 
a gwieral science course came to be seriously discussed by teachers 
and public throughout the country. 

It la during this period of Interest in science as a subject of 
general education, that the science Masters Association of England 
brought out a report of discussion under ‘General Science' to empha¬ 
sise that 'the essence of general science lies not in the syllabus 
hut in its interpretation*. But It is only a skillful teacher who 
can give the unity that Is required for topics of various branot^s. 
This should be judged by the pupils' response as it Is the essential 
ftictor in the educative process. Gradually, the country began to 
view that upto sixteen,academic and conventional teaching of acienoe, 
la to be avoided. The Association recently Issued a syllabus In 3 
parts in conformity with the Prime Ministers Committee's Report. This 
syllabus in general science for secondary schools actually formed the 
basis for developing a science programme for general education, in the 
secondary schools of England and Wales, and to some extent even in 
Scotland. The next chapter Is devoted to a study of the recognition 
of the liberalising Iniluencea such a course of science. 
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OmPTBR VI. 


SciencQ aa a Subject of Liberal Education 

a result of the great advance in science during the i9th 
century, it becart» more and more apparent that the legitimate claims 
of science to be included as an integral part of the curriculum for 
secondary schools, must be recognised. William whewell, the cele¬ 
brated master of Trinity College, Cambridge, urged in 1837, the claims 
of matheira tics a nd science to be included as part of a liberal and 
academic education. The Prince Consort ms keenly interested in 
the claims of science. Those claims were further stressed by the 
great exhibition of 18 51 which brou^t home to Englishmen their com¬ 
parative backwardness in the application of science to Industry. This 
i»as a powerful Influence that made the public detiiand for the inclu¬ 
sion of science as an integral part of general education. Prof. T. 

H.Huxley delivered his fbraous address on the Educational value of the 
Natural History and sciencej John Tyndall lectured on the importance 
of the study of physics aa a branch of educatlonj and Michael phraday 
in a lecture on the education of the judgement, stressed the importance 
of cultivating the scientific spirit. Herbert spencer In an article 

in the North British Review, took the vldw that a knowledge of life was 

,1 

more important than any other knowledge, whatsoever. In 1859, In his 
book «EduGations Intellectual, moral and physical’ concluded that 
knowledge of the various branches of Natural Science is of the highest 
value, and supported that a leading place should be given to Natural 
Science in formal education* Prof. T.H.Huxley ms the most prominent 
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advocate of the teaching of Natural Science in the sixties and 
aeventiea# He urged that any proper scheme of education should 
respect the claims of science. He outlined a syllabus for secondary 
gohoolSj giving a prominent place to Natural Science and thus exer-' 
olsed much influence on the public opinion regarding the teaching 
of science in schools. 

The dissatlsihction of the public is clearly reflected in a book 
edited by Dean ihri^ar, Master of Harrow in 1867, re^rdlng the neglect 
of Science, Prof, Sedgewlck of Gambridge expressed the view that 
though science does not form part of the old culture, a man trained 
without it, will feel unable to comprehend the present phase of human 
progress, thorou#ily» 

In 1686, Canon J.M.WilSonomasbar of Rugby, stressed that the 
study of the two unlike branches of Natural Science, was a very neces¬ 
sary part of complete education. He considered education should 
develop In the pupils the habits of accurate observation, exact reason¬ 
ing and the pov/er to judge evidences which could b© developed by good 
science teaching. Hfethenatlcs, In his view, did not serve the same 
purpose at least, to the same extent. 

In 1875,the Rojal Coraraisaion in their 6th Report on »th0 Scienti¬ 
fic Instruction and the Advancement of Science' as explained elsewhere, 
recommended' that in all public and Endowed schools, not less than 6 
periods per week, should be assigned to tt© teaching of Natural Science 

and In all the general public examinations, not less than one sixth 

5 ^ 

of the marks to be allocated to that, ‘ But exactly was 

'Natural Science' was not defined by them. However they stressed 
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the need for giving pre-ctical work In physics and chemistry. Asa 
result of the recommencetion of the Royal Oomraisaion on Scientific 
instruction and the Advancement of Science, Natural Science especial¬ 
ly, botany in girls* schools was introduced gradually, from 1875. 
physics and Ohemlstry made their entry into the curriculum of the 
boys' schools. 

^The i®rt played by Natural Science in modern life is so Important 
an element in the experience of boys and girls that its inclusion in 
the curriculum needs no special justification. But there is a general 
faellhg that the common practice of concemtrating on the sysbematic 
and formal study of a particular science, lays too early a stress on the 
*?haae of Greneraliaatlon' and too little on the earlier phase of rom¬ 
ance and utility and accordingly, is not the beat approach to science 
for adolescent pupils. This feeling has already lad to the provision 
of courses (and papers In the School Certlflcabe Examination) in gen¬ 
eral science a s alternatives to courses in particular sciences. These 
courses in general science aim at relating science to everyday life and 
experience. They avoid what is of a purely academic or formal nature 
and illustrate laws and general principles by special reference to prac¬ 
tical applications drawn from the physical and biological world around. 
In this way general science makes a more direct contact with life and 
creates real interest/. It appears probable that as experience is 
gained, these courses will move farther^farther away from the particu¬ 
lar courses of science both as regard to the materials and methods of 
trea tment’. 

Regarding those pupils who leave at the age of 16 , it -is in tere st¬ 
ing and essential to consider the type of education they should receive. 
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Phyalcs and Ghamistny from the very beginning were too traditional. 

Science to 3 Introduced into the currioulutn at a time when scientific 
Inventions had focussed our attention on the physical and chemical 
envlronn>ants and had created a demnd for instruction mainly in Phy¬ 
sios and Ghemistrye Pupils who proceeded to the University continued 
those scIot-cqs only which they had studied at schools and when they 
came out as teachers naturally taught physics and chemistry which ard 
as they had studied. But since that tine^ the horizon of science Isd 
widened very considerably. Biology began to attrs^ct more and more 
attention, and is now recognised as a subject of fundamental import¬ 
ance to man in relation to agriculture, horticulture, animal huaband^ry, 
medicine, nutrition, public health and other social services. 

If sclenoo is to be a living subject,it must deal with pupils* 
own experience, and on the basis of that experience extend the horizon 
of his experience through his Interest, But courses in sciences have 
not extended with the extending interests of pupils. The teaching 
of science has lost touch with life itself and, for this reason has 
often^ihiled either to give the knowledge requiced or to stimulate the 
pupils’ Inters statin directions suited to the development of their 
personality. In the report of the SLeientary golenoe Sub-Comm it tee 
of the Science Masters* Association published in 1934, the subject eS? is 
defined as ”A method of preserving the fundamental principles of soienoe, 
based on the Interpretation to the youth of the world in which he lives, 
involving not only the understanding of the fundamental principles but 
also of attitude and raeihod of science generally.” Science is regarded 
here^aa a living whole, comprehending all the sectional sclenoea neces¬ 
sary to give the youth an Intelligent understanding of hla biological, 
chemical and physical environments. Its aub-oom/mlttee in 1937, 
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enquiring Into the teaching of general sclenoa, defined It as > a 
course of scientific study and investigation, ishlch has its roots in 
the coramon experience of children and does not exclude any of the 
fundamental sdenoes. It seeks to elucidate the general principles 
observed in nature without emphasising the traditional division into 
specialised subjects, until such time as this la warranted by the 
developing unity of the separate parts of that field and by the intel¬ 
lectual progress of the pupils'. 

The Spens Committee considered that there is a general body of 
knowledge, not confined to either of the physical or the biological 
fields of science, which ought to be known by an average cltiaen and 
by those who ultimately specialise In a particular part or one of those 
fields, and raoomniend<4in general, that each hoy and girl should be 
taught that ralnlmuni knowledge of both the physical and the biological 
worlds. They also felt that nothing but the broadest outlines must be 
Included in that subject and that such a general coujrse should not bo 
affected by the fbct that some of those pupils may ultimately become 
specialists in any one of the narrow fields of science. 

■ Science has been established in too short a time in the curriculum 
for an enduring tradition to have grown up. A generation ago, the 
method employed might have been criticised on the ground that there was 
too little practical work in the schools and that as a result the know¬ 
ledge imparted fell short of reality. This situation aay have to be 
attributed to the particular shortage of well-qualified teachers; but a 
more important factor is to be found in the insufficient laboratory ac¬ 
commodation and equipment at that time. But that condition does nob 
now exist. The authorities realise the need for adequate place and 
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materials though they ar© not able to provide I The critics of 
existing science coiirses complain that the content is too small 
and the ran^^ covered is too narrow to he regarded as satisfactory 
for purpose of general education. Too often^ the boy or girl is 
^restricted to a sin/^le subject-course mainly in physics, chemistry 
or botany. m the recent times, a wider course of biology has re¬ 
placed botany and some little chemistry also is being added to this 
widened course of science. But in many schools especially in boys’ 
schools jthere is still little beyond physical sciencea nd this la too 
often restricted to chemistry together with some sections of physics. 
The investigators of the School Certificate Examinations in England, 
criticised the scope of the examination syllabus in 1931. This has 
been accepted to be sound by the teaching profession.^ The Science 
Masters Association after carefUl cons id era t Ion ,ha ve afdopted the view 
tint for the children upto the age of 16, science should bo taught on 
a much broader basis and have produced a report to give further pre¬ 
cision to the ideas connoted by the terra ’General Science' (Teaching 
of General Science). The Spena Committee supporting the view of the 
Science Masters' Association,stated that the object of teaching scionoe 
is to sponsor three types of appeals? ‘The chief a Ira of teaching 
Science as par their opinion should be the development of - 


1, Individual Interests 
and utility. 


2. Social interest and 
utility. 


To provide some knowledge of Natural 
laws that operate in the universe 
together with an ability to apply 
them. This is an appeal to their 
wonder, interest and utility. 

Asa complement to the study^aanfd his¬ 
tory of science teaching should 
reveal the Influence of so lent If In 
thought and achievement in the evolu¬ 
tion of our present (fey oivUlaation 
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and even more important. It should 
indloate Its possibilities fbr good 
and evil alike, 2n the future of 
human race, The appeal here is to 
social interests^ and social utility. 


3. Intellects It should give children an Introduc¬ 

tion to scientific method of thought 
and Investigation. This appeal is 
essentially one to the intellect and 
and In so fhr as It Is achi^ved^sci- 
ence takas the place of mediaeval 
study of logic, 4 


Most of the courses of aclonc® in English SecondJiry Schools, till 
1944 jcentred unduly, round its Intellectual and methodical aspects. 

They Imd neglected to mete provision for the Individual and the social 
interests and utility. Training in scientific method as per the opinion 
of the Spens Ooramittee, ha s a special value for pupils who will pursue a 
life job, dominated by science. But it should be taught to all boys and 
girls without reference to their future careers. It should b® tau^t 
as Latin was taught In the middle ages because of its use. It should he 

taught not as a subject ^ for specialists but as a subject useful to all, 
as an element in their own life and useful to them as sn indis¬ 

pensable background of much current thou^t. Even to ttie specialist^the 
formal aspect of aoianca should only be the end-point and not Its entrance 
gate. The above ideas are emphatically elaborated in the report of the 
Spenso Committee. 


Coursea of studies in Science; 

3h laying out the above broad policy regarding the objectives of 
science teaching no dount, the Spens Committee had in their view the 
education of boys and girls of England and Wales. This Policy equally 
applies to the education of Indian boys and girls, as science has begin 
to permeate through ©vary field of human activity in ■Htiis country also. 
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On the above basis the Oomraltto© have attempted to Isj out the gen¬ 
eral outline of a science syllabus, and it is of particular* interest 
to us as w© have to reorganise our science programme in schools,bear¬ 
ing in Blind the scientific needs of the Individual and of the society. 
The Gommitfcea feet that the frame work of the science course for gen¬ 
eral education should be widely drawn such as to provide the acquisi¬ 
tion of a body of knowledge on a number of topics and an ability to 
appreciate the method of science. How are the teachers to select 
topics to suit the above aspiration from a vast field of accumula¬ 
ted wealth of scientific knowledge ? It is essential to bear in mind 
that while selecting the topics, those topics must stimulate the inter¬ 
est and Imagination of the pupils, naturally. This can be achieved 
only when we select topics within tte experience of the pupils. Hence 
it is desirable to adapt the syllabus to the local environment. It 
should thereby aim at imparting a knowledge both of physical and bio¬ 
logical worlds in which the children livea’nd hence evince interest. 

‘under the heading of Physical Science dealing with the physical 
environment of the children, topics from astronomy, physics, mechanics, 
ohemiatry and geology will have to be Included, Ho course of science 
can be satlsftcbory unless it includes some ideas of the nature of tto 
earth, its place in the universe, and its relation to other bodies 
therein. In other words, a little of astronomy is to be taught. In 
India, moat of the Institutions are day schools. Hence there is the 
difficulty of getting boys for night observations and hence practical 
work is to be curtailed in tbat field. Yet the practical work may be 
limited to day time observation of the sky and the use of the stellar 
maps. Lantern slides and the use of the epidiascope may be used to 
-give further information about tl^ sun, the planets, the fixed stars 
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and the nebulae. Geology claims a place next to astronomy in imp¬ 
ortance, because, it can be dealt with in small campa/s a nd as it falls 
most naturally after astronomy. The children by the time they leave 
the school, must become ihmlllar with the main geological features of 
their neighbourhood and, should have accjuired a reasonahl© amount of 
knowledge of the relation of geological formation scenery. I^o doubt, 
some aspects of them may come under geography. But, they should he 
studied either in geography or science. Since it is a subject to be 
studied in scientific vny and certain amount of pi?actical work is to 
be provided, it is better to treat them under science. 

Properties of mutter, under physics, claim'' first place since a 
knowledge of it la essential for a ny work in science. Hence, this 
should be not merely included in science, but should come quite early 
in any science course. The different and differentiating properties 
of solidsj liquids and gases should enable the pupils to have a first 
band experience of the topics like surface tension and fluid pressure. 
These should lead on to the change of state of matter culminating in 
the recognition of the phenomena of fusion, solidification, evapora¬ 
tion, concentra tionmd aubl imation , to gather w 1th t heir application to 
phenomena in human life. Th© next topic in relation to the physical 
environment of the child is the concept of density which can b© con¬ 
nected and taught with surihoe tension and fluid pressure. 

Though the subject of mechanics is much suited to be treated under 
mathematics, the pupils should know the clear meaning of the terms 
like pressure, force, energy and friction. They should know the funda¬ 
mental laws of motion leading on to the profitable use of mecbanloa 
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by which man can uao the natural forces for his advantage. They 
mast realise that no mechanical device exists which produces as much 
energy as is put Into it. This should lead on to understand other 
forma of energies. Heat, light, sound, electricity may be treated 
both qualitatively and quant it ji^atively. These topics should be dealt 

within their relation to everyday application. 

Though souM is playing a very Important role In modern life 
particularly In relation of transport and communication* leas attention 
is usually paid for this subject. It may be due to practical diffi¬ 
culty of con iuctIng related experiments. But it should be possible 
to Introduce children to the conception of wave motion and vibration 
through simple expenLraente and make bhem appreciate how these Ideas are 
made use of in modem life. They must Vave a clear idea regarding the 
change of energy from one form to another, loading onfcthe ultimate na¬ 
ture of this universe. The phenomena of reflection, refraction and 
dispersion may also be included. The concept of wave motion of light 
may be taught after teaching reotU-lnear propogatlon of light. Ins¬ 
tead of drilling sums involving U, V and P, the common optical and 
other Instruments based on the knowledge of sight may be fhmlllariaed. 
The significance and utildby of the concept of U, V and P imy naturally 
evolve as the end-points of the study of that topic. 

Under electricity they should have qualitative knowledge of the 
thermal, chemical and electromagnetic effects of a current and of 
their appliestiontovarlous situations in modem life. Electrostatics 
and raagenetism may be limited to common requirements in every day life 
and to the understanding of other phases of electricity. Volt, 
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/i^mpere? Ohm an(^ may ha taughb in relation to their application in 

life. Advanced topics lUc© direct and alternative currents and their 
differenceSs principles of wireless, etc., should receive only popular 
general treatment through lecture demonstrations. Th© pupils will have 
to acquaint themselves with the relation between ratter and energy, 
leading on to the sbudy of the energy stored in atoms and the need for 
harnessing it for the peaceful use of mankind. 

The present praotioa of liaving an academic course of inorganic 
chemistry, should give place In general science tea course of general 
chemistry to enable bhe pupils to appreciate the fact how man has made 
ussS of the products of fShe earth to his requirement. The experimental 
study of water, air and combustion must no doubt, claim a place. Min¬ 
erals and other substances obtained from the earth and their more Imp¬ 
ortant properties and uses should be studied. ibove all, the pupils 
should acquaint themselves how the knowledge of those things has re¬ 
volutionised hmtian living. The process of fermentation and other 
chemical phenomena that play a direct part in everyday life,should be 
experlmentaly studied as in American laboratory schools, 

spans Oommittee suggest that the topics of biology can be studied 
from the early childhood. The pupHs may learn the names of plants 
and animals in early period. This approach is no doubt, a natural 
history approach. Though it is possible to give some local colour to 
the subject through this approach, it cannot be continued long. Soon 
the centre of interest should shift to the general obaracteristlos of 
living beings and the various life processes like metabolism, respira¬ 
tion, sensitivity, movement, reproduction and tt© Interrelation between 
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the different groups of organisms. The life of plant should be 
studied and connected to the life of animals. The laws and princi¬ 
ples operating In their life must be related to the life of man in 
the study of human biology, a continuous but carefully graded course 
of sex educationjshould be evolved through the courses of study In 
biology. In still later stages, all topics of treatment, such as to 
lead on to the 30clo3.oglcal problems like food, population and race, 
should be carefully incorporated. The various fields in which bio¬ 
logical knowledge is helping man to improve his living, should he treat¬ 
ed though as part of lecture demonstration. The pupils should be 
enabled to realise that every act, every thought and every feeling they 
experience, will ultimately contribute for sliaping the progressive or 
the retrogressive features of the future of rnnkind. This concept of 
human life should dovelop In him the sense of responsibility of safe¬ 
guarding the inberest of human race by a devotion to racial conscious¬ 
ness, in the broadest possible sense. 

The above course is not a regular syllabus. But it indicates the 
range of Natural Science, The wide scope is ^ust to mend the present 
narrow special courses in chemistry, physics or biology and to relate 
whatever we study, to the life of man. Though the outline suggested 
above indicates the general lines on which the science curriculum is to 
he orj^nised, full provision is to be made for local interests and pro¬ 
blems. The various topics are to be arranged with due regard to the 
maturity of the class. The selection of topics should cover a wide 
range so as to make the pupils realise the full and potential richness 
of Natural Science in the whole world of phenomena. The principles of 
selection and organisation of the diverse tups of materials of 
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Instruction and the prhiciplea/which they are to be correlated will 
be separately dealt with^in a subsequent chapter. 

Science niakea its beat contribution if early specialisation in 
any on© branch, is avoided. Nature Study for the early two or three 
years may seem to he a suitable course of science. Some nay even 

like to retain it for some more years. Nature Study by itself,is 

■ a- 

certainly good. But this is inadequate if ais-lieEn&edoe 3 not include 
some aspects of human activities in the field of science. This is 
particularly desirable in view of the fact that the pupils will be sur¬ 
rounded in modem life by a variety of the witchcraft of modem machi¬ 
nery, which can easily be understood by a study of science. A wider 
course of elementary science which can satisfy the all round curiosity 
of boys and girls, may be Introduced for the primary schools. Such a 
course of general science should be introduced right from the beginning 
of the school and should continue as such, till the period of 16 th 
year. In the early stage the formal principles of science may not be 
drilled but its functional aspects may b© stressed. The educational 
system in India is being reorf^nlaed and in the new set up such a course 
of science education is to be ensured for one and all commencing from 
the primary school and extending upto 16th year. 

It is evident from the foregoing, that it is not desirable to allow 
pupils to specialise in any branch of science earlier than 16 and that 
it is essential to give them a birds eye view of the wider field of 
science through general science, before they could settle down to apejz^- 
ciallse in one or the other branch of science in its formal aspect. 

This is to state that the study of general science first, and speciali¬ 
sation next^is essential to provide a firm founc3ation of the former 
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fox' tho building up ol* th.© l&ttsi^j in, t/ti© ssirn© wa,y sis It is dosii?” 
able to build a, peak on a plateau. But tb© situation is changing 
In the post-war days in England and other countries. The inter¬ 
national competition Via 3 prompted every country to step up its indus¬ 
tries. This has necessitated the inauguration of early specialisa¬ 
tion so that the requisite man-power can be produced for the industries. 
In the United States of America attempts are being made to introduce 
a sort of spoclallsat Lon even at the primary schools in th.e nan© of 
conserving scienco talents. It is very difficult to say what will be 
the result of this new trend on the total personality of the developing 
child. Anyhow this trend will be considered saparabely in a later 
cliapber, 

S«stn© rriay feel that there will be insufficient time to cover the 

entire range of syllabus consisting topics from so many branches of 

science. \7e may draw their attention to the suggestion made in the 
Prime Minister’s Committee 

/Report on the'posltion of Natural Science’ in 1919, it is said in 
that report that much of the time allotted for practical work, may be 
utilised by the teichor to demonstrate practically,a number of experl- 
raanfcs. This enables him to cover a larger ground in, and a greater 
variety of experimental work. By a greater use of such good demons¬ 
trations the Spans Committee also believe, that science teachers can 
easily and more commonly stimulate wonder and imagination of the pupils, 

A course of general science, however rich and potential it imy be, 
cannot contribute to the full development of the pupils'*appreciation of 
the wide horizon of this wonderful universe unless a suitable techni¬ 
que of teachingand guiding Is adopted by the teacher. in addition to 
his lecture-deraonstration work, the teacher should also provide adeqtefce 
opportunity to the pupils to try simpler experiments tthemselves. 
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/activity should Courn ths starbinu polnb of science tsaching. Though 
cartaln auiounb of note," g'ivjbig I 3 necessary, the nrpils should not ha 
blol bo Sho hicfcos but nobh'int^ls©» . This will come in the way of 
developing tholr habit of reading books. They should be encouraged 
to read good scientific bookSj suited bo their interesbsand the level 
of their niaturityn 

If ^ gene®! science course on such a wide basis as suggested by 
the Spans Committee, is to be introduced, naturally it is difficult to 
get teachers. The Committee could foresee this difficulty and hence 
have recowiended that in the University, a wider range of subjects may 
be offorod ab the degree level, involving the sbudy of at least 3 branch¬ 
es of science, at least for those who are going to become teachers; 
then, it mif^it be possible very shortly, to get suitable teachers for the 
purpose. hearly, thirty years ago, the Committee expressed the above 
ideas, W® see now,a good number of ’English Universities have intro¬ 
duced general science as a subject of study for the degree course. The 
above suggestion is also bo-lng implemented in the newly developing North- 
staffordshire University, though in a different way. 

The exisblng teachers of science should meanv^hlle, enlarge their 
horizon of scientific acquaintance by attending courses which are al¬ 
ready available or can be made available, either as external oi> part- 
time students of the University or the Technical Colleges or Institutes. 
Special courses in science conducted by the Ministry of Education or 
orpnlsed by the Extension Service Centres or other bodies may also be 
availed of* if the teachers are convinced of the desirability of the 
new general science course they can adopt it in one way or the other 
and equip themselves with the necessary experience to teach the subject 




- 118 


to tea oil the subject in lbs nexir form. 


General Science tnovement In Q!nfiland> 


The ganonil aoience tnovement In SneLand largely owes its develop¬ 
ment to the efforts of the Science Masters' Association. ihr as 

back as 19l0y the moveuient iiny be said to have corticienced when the Asso¬ 
ciation of public School Science Mastersj the Parent body of the School 
Masters ii^saocia tlon^ appointed a sub—committee to report the v®ys and 
means of furthering the claims of aclenca as a school subject. The 
chief ©Vents that took place later on^ to develop a general science 
course for the secondary schools, may be summarised as follov/s: 


1. The Association of Public School Science Masters drew 
up the Memorandum on 'The aims of Science Teaching in 
general education and science for all» in 1916. 

2. General Science was discussed at the annual meeting of 
the School Masters’Assoclation in 1919. 

3. An article entitled ’Science for all' with a plea 
for general science ws published in School Science 
He view in 1920. 

4. The S*MJV. Committee prepared a pamphlet on ’General 
Science’and suocessfally pressed for the inclusion of 
of general science as a subject for the school certifi¬ 
cate examination in 1924. In 1932, this pamphlet ms re¬ 
vised. 

5. A sub-Gommittee ma appointed to consider the aim, con¬ 
tent and method of a course in Elementary Science such a s 
was suggested by the panel of investigators (1924) which 
had enquired into school certificate examinations.’ Thier 
report vras discussed in the Annual meeting of 1934, 

6. A new sub-Comraittee tos appointed under the Chairman¬ 
ship of C .L.Bryant in 1935,to go further into the question 
of general science. Their report was published in two 
parts under the title ’Teaching of General Science’ 

Part I in 1936, and Part II in 1938. 




7. A new sub-committee was appointed to review tb© 
teaching of general science 3n the light of the 
experience gained. But this came to the conclu¬ 
sion that the time was not rip© for the purpose of 
discussing changes in 1944, 

8. The sub-committee was appointed to do the work 
entrusted in 1944, and it brought out its report 
in 1950. 

9. Report on the teaching of general science was 
published in 1950 incorporating the latest trends 
in t he field. 


Butlar's Education Act of 1944 envisaged several new features 
in the Secondary Education of England. The creation of 3 tsrpes of 
schools that drav/ three different types of pupils, wibh three dif¬ 
ferent objectives, is one of its important features. The other is 
the new system of external emminatlon for grammar and technical 
schools. Asa result of this reorganisation of secondary education 
there was need for 3 types of science courses. 


1. A Science course for those who pursue general education 
till 16 and leave school or discontinue science a t 16, 


2. A Science course for those who ultimately specialise 
in science ±a bho 6th form. 


3. A Science course for those who ultimately specialise 

in other subjects in sixth form but want to continue 
contact with science. 


Keeping the above situation In view the Science Masters’ Associa¬ 
tion prepared a ’Minimum Syllabus* for pupils of the I category 
including all the essential topics necessary for general education 
and for taking the examination at *0* level if necessary at 16, 

This wi;;.! also suit tte pupils of tbe II category since they ihac 
take science paper only at the advanced level. 
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Tbe III category I 3 the group of non-epeelallata science 
students* After 'C’ lovely they will specialise in some other 
subjects but devote 2 periods per week for science ( Language and 
Crt|ft stream). Ttey will cover the same 5 year basic science 
syllabus in 7 years. If that I 3 the case they must take different 

Hvose nuAnAi^ lffT' 

paj^rs in general science from ^specialist science students* Hence 
the science rasters have prepared a minimum science syllabus or the 
bsic syllabus for a 5 year gramimr school. The course for 3 years 
is foundational and that of the remaining two years is subject to 
alteration in accordance with the different needs of different schools 
and different needs of different sides of a single school. 

To exhibit the essential unity of Science some schools arrange 
their work in early stages at least,around suitably chosen 'topics'. 

30j the Science Masters’ Association in its report on Teaching of 
general science (1950), has also given a 3 year science syllabus 
arranged in the topical order. The syllabus is extended year by year, 
on a concentric basis (page 86 to 95), 

The report also gives an extended syllabus for those schools that 
can devote more time for science in the 4th and 5th form and for those 
students who want to specialise in 6th form. It la merely extending 
certain topics (into details) of the Basic curriculum. 

Science for Hon-aclenoe Specialists; III category of pupllsa 

The objectives of teaching science to non-science specialists 
are to enable them; 

1. to understand the scientific method and its specific 
contribution to the history of hunmn thought; 
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2, to understand the historical hack^round oT scientific 
ideas and discoveries; 

3* to know th© importance of science to bhe present and future 
well-beins of our society, a nd 

4, to know how to relate science to other subjects, 

For such 6th form non-science specialists a science syllabus is pre¬ 
pared (pat;o 104) in 6 parts. Part I consists of history of science; 

II, III, IV, V and VI parbs consist topics of astronoray, physics, 
chemistry, teclinology and biology. 

The Report also conaiiers ochs-Mia^r^ some problems that have arisen 
since the introduction of general science. The introduction of broader 
courses of general science into the school programme where previously 
two or more of tte specialised narrow courses were studied, does involve 
gome problems. Keeping In view the advantages of a broader tosed course 
in sciericejattempts must be made to solve those problems. It is only 
natural to Ihce such problems whenever new strides are made in the 
field of education. 

It is desirable at least, in the early stages, that all the 
science work for a given class should be in the hands of one teacher 
since the essential unity of science lies in its method. It is 
quite necessary to give some ideas of that method to th© future citizen 
with a realisation of its wide applicability. If more than one 
teacher were to teach, each his special subject, in its own way, the 
pupH is likely to feel that there are different sciences, each nar¬ 
rowly confined, and may Ih 11 to apply those trainings outside those 
special fields. Hence at least for th© first 3 years of a 4 year 
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ooura© of aeoondary education, that unity must be maintained in tlie 
teaching of gaaeral science. 

Another problem is the reluctance of the specialist to touch 
tho topici! of other branches of acionca. He ray naturally plead his 
inability to know the contents and scop© of tho new branch. In feet , 
even if he lias not studied a branch of science, the topics to bo 
covered in that fresh branch, will not be difficult for him to study and 
acquaint, hofore tefaching. This will certainly, be a sort of 3n- 
servico learning J If all the spociallsts sit together and plan, they 
will faol the importance of teaching every branch of science. So, 
frequent mootings of science teachers in each school for planning will 
help in solving those problems. It will also help them to maintain 
uniformity in the extent and scope of treatment. Towards the last 
one or two years, however the pupils may be made knibwn some aspects of 
specialisation like classification and isolation of types of problems. 
Though this permits teachiiag of general science by separate teachers, 
it should be borne in mind that for specialisation, it is only a 
development and not a starting point. 

Laboratory accommodation is another problem that we have to solve 
if general science is Introduced. This problem will be considered In 
detail, in a later chapter. The best thing to remember in this con¬ 
nection is that all practical activities, to whichever branoh of sci¬ 
ence they may belong, should be organised in a common laboratory at 
least for the earlier 3 years. Later, when the increasing complexity 
calls for sub-division, the experiments, even demonstration lectures, 
may be held in specialists* laboratories. This increases the demand 
for more space. It is however, less flexible than other problems. 
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ir ther-fi a ro thr^o atrearns it is possible to allocate the most 
suited laljontory to each stream for l/3 of tt© terra. But this solu¬ 
tion may not practically be possible In many oV 0 ror]^owd 0 ^ s©oonc3ary 
schools. But if proper planning can be done well in advance, it is 
possible bo equip tbe very room whore they are having classes with 
trays, articles and other equipment enough for every week or fortnight 
or so. 


The Popularity of General Scienoe Qourse; 

Fi’om 1936, there is a steady increase in the number of pupils 
in getieral sclenco course in the secondary schools of iilngland. This 
can be taken to indlc^-vta the popularity of this particular science 
course. TJie following table indicates the number of pupils taking up 
the various courses of science for the first examination of the school 
certificate course during the first decade of the second quarter of 
this century; 



Subject 

Number of 

entries 

Percenta ge 


1926 

1937 

1926 

1937 

1 . 

Botany 

13637 

8487 

S 5«^ 

11.0 

2 . 

Chemistry .. .. 

31527 

27346 

i40.2 

35.3 

3. 

Physics .. 0 . 

13255 

20826 

24.7 

26.9 

4. 

Physics with Chemistry .. 

3042 

7956 

5.7 

10.3 

5. 

G-eneral Science 

1340 

4779 

2.5 

6,2 

6 , 

Mechanics 

2138 

1660 

4.0 

2.0 

7, 

Hea t, LIght & Sound 

3980 

278 5 

5.6 

3.6 

8 . 

Slectricity and Magnetism 

1729 

2724 

3.;^2 

3.5 

9. 

Biology .. 

86 

15119 

0.2 

19.6 

10 . 

Domestic Science or Hygiene 

- 

434 

- 

0.6 
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The above table indicates that the number of pupils taking up 
part of physios course Is substantially decreasing, while that of 
pupils bak:lng up broader courses In science is substantially increas- 
ing. Of,changing popularity of various science courses, it is to be 
specially noted that general science course has attracted r© arly thrice 
the number of pupils within one decade. This is true to a lesser 
extend with biology comp®.r 0 d with botany and physics with chemistry, 
instead of physics or chemistry. Samples of the schemes of examina¬ 
tion and courses of studies in general science as prescribed by two 
of the hnivorslty Boards, are included in the appendix of this volume. 

The statistics relating to the popularity of general science 
refer- only to the pro-war days. Things are now changing mainly,be¬ 
cause of the lesson taught by the mr on the one hand, and partly,be¬ 
cause of the organisational changes brought about by the Bu^^tler’s 
Act of 1944, in the secondary schools in England, Such changes are 
more marked in U.S.A.a nd U.S.S.R. Since the publication of the 
draft curriculum in general science by the All I^dla Secondary Educa- 
tlon Council, Delhi in 1956,a 11 the states in India are also replacing 
special science courses in their secondary schools, by a broad-based 
general science course, so a s to ensure a general or liberal education 
through science. Reference will however, be made in the subsequent 
chapters to the extent to which an understanding of those changes 
will help us to improve science education in our country. 

@0 @o @0 @0 @0 @o @0 @ 
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OmPTER VII 

Sclonce Propira mi ne in the 
•inKlTih 390ondarf~~ SciiooriT 

The Board of Education in 1904, In ita regulations for seoondixry 
schools, laid down the broad frame work of the ciarrioulutn for secondary 
education. Those salient articles of the regulations can be profitably 
borne In mind while considering the problein of curriculum for any grade 
of insbructioD, Those artiolea are; 

1. The secondary school must be a school for pupils who 

intend to remain for four years at least, up to the 
ag3 of 16, It Must provide a progressiva course 
of general education of a kind and amount suited to 
an age xunge at least, from 12 to 17. 

2. Adequate provision must be made for the Instruction 

In the English language and llteratiure, one language 
other than English, geography, history, mathematics, 
aclence,drawing, singing, manual instruction in the 
case of boys and domestic science in the case of girls, 
physical exercise and for organised games. 

The above frame work provides a basis for the organisation of courses 
of studies in the secondary schools. Such a course of study is 
described as ‘general education*. But the term ‘general education* 
may mean anything. It may mean q wide range of subjects Instead of 
one or two subjects; it nmy mean a training for ©very future occupa¬ 
tion instead of a training for a single job; it may mean development 
of Certain attributes In the pupils, like skill, habits, sentiments 
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and attitudes of mind as well as the possession and use of knowledge. 

1 

It may mean every on© of them J 

Though the currloulum is said to be for a liberal or general 
education it applies equally well to any type of education between 
an age range from 12 to 17, It also Implies that the education of 
that period of the child’s life should be mainly cultural. This broad 
outline has helped to bring about a uniform standardised curriculum 
for the secondary schools. This uniformity was further strengthened 
in 1917, by the introduction of a single school certificate examina¬ 
tion at the end of the secondary school course, Instead of a number of 
examinations. This continued to influence until 1945. Asa result, 
the schools adopted a rigmarole, out-of-date, and uniform curriculum 
in all aubj ecti including science, instead of an up-to-date really useful 
and flexible curriculum. In other words, the curriculum that wa s in 
use during the second half of the 19th century for the great public 
schoolsjcontinued to be followed even upto 1940'. With regard to 
science, the wealth of material since then, has considerably increased. 
The course was framed at a time when civilisation was comparatively 
static. The last half a century has Seen many remarkable changes. 

The world in which a modem child is born and the world In which ha 
lives and in which he ha s to live later, la quite different from the 
earlier world. The advance of technological knowledge in this half 
of the century is much more greater than in the whole of the previous 
history of the humn civilisation. The old lines of social cleavage 
are breaking down and a new era of civic consciousness based on uni¬ 
versal brotherhood, is in the approach, with its Improved method of 
transport, communication, agriculture, food, saiitatlon, health why^ 
every field of human life; individual and social living has been 
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revolutionlasd. Indesd life itself hag become a teohnioal pro¬ 
fession in this world of technology. The subject that is responsi¬ 
ble for these nmrvellou® changes, is undoubtedly, science. Science 
as we have seen in recent years, has developed such a potentiality as 
either to revolutionise human civilisation or to totally destroy it. 

Then,in order to prepare our children to live in such a technical age. 

It becomes evident that the curriculum of a static age should b© re¬ 
organised to suit the needs of a dij,namio and technical society of this 
teobnologlcal age. It is needless to state,the revision and reorgani¬ 
sation of science curriculum, which is responsible for all these changes 
should be taken up all the more seriously. While dealing with the work 
of reorganisation, the following principles of curriculum construc¬ 
tion may be of use. In addition to the above sociological factor we 
have to take into account the psychological fhotors also. Of those 
psychological factors that are directly related to the nature of the 
curriculum are: 

1. The principle of trunsfer of training; 

2, The nature of boys and girls re^rding their interests, 

ability and aptitude; 

3. Ih© emphasis in the educational theory, that has shifted 

from the subject to the child and 

4, The presence of Individual differences between children 

and children in their aptitudes, sentiments, abilities, 

inclinations, etc. 

Secondary education Is rapidly extending in all countries. The 
number of secondary school pupils in England and 'l^les in 1911-12 
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Tsas 165570 or 4.6^ of the population. It increased to 11,3^ in 
19S7, nearly to three times in 25 years. It is almost four times at 
present, or nearlyl/6 of the total populationJ This increased de- 
tnand for secondary education has raised new problems in curriculum 
construction, A. narrow range of Grammar school curriculum, either in 
science or any other subject, cannot suit the widened range of abili- 
ties and interests and aptitudes of pupils drawn from a wider range 
of social and cultural backgrounds. Further, the usual tradition of 
the secondary school education to lead on to university courses, had 
to break down. A number of pupils could not continue more than five 
years in the school. This could even augment the problems of un- 
eraploymant at the intellectujtel front. These two products of the in¬ 
crease in the number of pupils in secondary schools^compelled to think 
of revising the aims of secondary education astbfudid elsewhere in the 
world. 

The changed concept of Secondary Education; 

During the 20th century, rtlcularly, in the second quarter, 
there ma an unrest about the objectives of a liberal education. In 
order to prepare pupils for fcha universities secondary schools had to 
teach a number of subjects, which were later use/leas in the pupils' 
life. Further, it was a mere acquisition of knowledge than develop¬ 
ment of personality in terms of skill, attitude, taste and feeling. 

They Included subjects that were of no use to modem civilisation; they 
did not take into account, the requirements of the present day world. 

The pupils had to adjust to the- regld examination dictated curriculum 
and there las no scope of adjusting the ourrloulum to the needs of the 
pupils. 
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Their interests and abilities ware disregarded. Individual dlf- 

i 

ferenoes were not taken into account. Above all, to master the 
rigid curriculum with the only objective of entering the university, 
was a heavy strain on the pupils partlcula rly, on the average and the 
hackmrd pupils, at the moat delicate age of adolescence. These 
facts are reflected in the report of the consultative committee on 
•♦The Differentiation of Curriculum between Sexes in Secondary Schools' 
in 1923, Their verdict with regard to girls,equally applies to boys. 
This naturally,forced the educational world to think of alternative 
objectives of secondary education taking the actual situation into 
account. 

The Changed Objectives of Socondary Education; 

No doubt, the objectives of education of the grammar school were 
quite clear. Those objectives were to train the pupil as a person with 
a body, a mind and a spirit, and to train as a future citizen of the 
democratic country and to train him as one who will have to do work of 
some kind or other to earn his livelihood. These objectives are also 
aimed at by the other newer secondary schools. This is reflected in 
'The Handbook of Suggestion for Teadisrs* published by the Board of 
Education, ®n 1937, It says that the aim of education should be to 
develop the potentiality of every child at school in accordance with 
the general good of the community of which he is a member. This im¬ 
plies to develop the child's abilities and potentialities, both in hla 
interestaad In the interest of the society. Hence, it must be a 
complete education both for those who go to the university and others 
who want to go for other higher studies or get employed in a job to 
^rt life direct. Hence it is necessary to formulate the principles of 
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ourrieulum construction keeping In view all these changed aspects 
of life. 

The Concept of Gurrloulum; 

The curriculum of a school is a statement or programme of teach¬ 
ing and instruction. It consists of a diagnosis of contemporary life 
and Instituting its cream within the frame work of the institutional 
llfej but the newer ideas have entered into the school curriculum 
from several distinct sources. Some may have come down as such from 
ancient institutions. Some are evident a nd direct response to the 
needs of an age which has seen Immense development in the field of 
industries and politics in all nations. Other ideas are profound 
modification of the old. But their expressions and changes in senti¬ 
ments require the school,to accept responsibility, formerly born else¬ 
where. The advance in the technique of education with an inces¬ 
sant dhscusslon of ends, v«ys and means ,ha s made the subject extend 
beyond the Interests of teachers and administrators. Rather, it has 
become the concern of the entire community. Asa result of all these 
addibions and InfLuenoes a typical school of to-day, has become not 
a mere ’place of learning, but a social unit' in which the younger and 
older, the teacher and the taught share a common life to the consti¬ 
tution of which all submit and pursue purposes that are correlative 
though not coincident. Such a society should not be pervaded with 
artificial sentiments. But it should be natural such as to ffeiolli- 
tate older members exercising due influence upon the growth and charao 
ter of younger members. It must also permit the younger members to 
snjoy the apace and freedom for achieving their many sided development 
In such an organisation of childhood the curriculum should be formal 
and retain the central place while other activities should be less 
fosnnal and make essential contributions to the total life of the 
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school society. This concept of idae curriculum, as a result of 
the developing concept of education,Is gradually expanding to in¬ 
clude the entire institutional progiumme, whether formal or less 
formal. 

Education fundamentally, is the practical philosophy of life.'Hentaa’') 
aim of education should reflect the ideals of life. These ideals 
will of course, be changing. Thus they bring in conflict in the 
objectives of education. But yet, it is necessary to note the vatSous 
bodies that are related to these objectives. The community with its 
established machinery namely, the state, wants to maintain the nation* s 
cultural integrity from generation to generation. The community 
Twants its members, one and all, to preserve its specifications, and a 
few others to contribute for its progress. The present day democra¬ 
tic community further wants to educate iba masters; it desires that 
the young shall grow up in conformity with the national standards. 

The parents who influence the growth of child to a very great 
extent, wish their child to acquire a standard of discipline and cul¬ 
ture and expect him stand on his legs after the school days and take 
up their own place as a young partner in Ilfs. 

The Changed Position of the School; 

The above transformation has made school into a society; the 
children take to education willingly. This is not because there is 
no punishment, not because there are modem and easy subjects but be¬ 
cause the school is the place where they can satisfy their natural 
urge - physical, intellectual, social and moral. In the Board of 
Education»s report on 'The Primary School' it is stated that though 
primary school thinks of preparing boys and girls to the secondary 
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gchoola it aliall also think of providing opportunities for aatla- 
fylng their present needs and to develop their intrinsic values. The 
more perfect these inanedia te aims are achieved more perfect will 
be the later objectives and further intellectual growth. This state¬ 
ment will equally hold good in the case of secondary schools, in 
addition, the school should provide for the early and later adolescent 
years a life which answers to their special needs and brings out 
their special values. So, there is no meaning in looking to the Col¬ 
lege needs only in the education of a secondary school boy. It must 
provide such an opportunity to our boys and girls a a to develop their 
personality to the fullest extant regardless of their possible entry 
into the college courses. It must be an education, complete by 
itael f. 

From the community and the state, from the parents, from the 
teachersand from the nature and nurture of boys and girls Issues the 
pattern that ia to shape the school society. The difference between 
one school system and another and between one school and the other 
among the same type of schools, are due to varying prominence of those 
forces of Influence. This la Indicated by the variety of schools In 
England due to varying amount of freedom as against uniformity in 
the continental countries and India due to a system of rigid central 
control. But the needs of a university examination, needs of a 
homogeneous society have influenced to a great extent towards a healthy 
uniformity amidst that diversity. Both these two features namely, 
uniformity and diversity are no doubt, desirable features in them¬ 
selves but have limitations of their own. These specialities and 
limitations are to be taken into consideration in weighing the 
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currlcsulum of a school. However, the purpose of the school is to 
foster the growth in every boy and girl, to achieve the highest de- 
gree of development of #ilch he or she is capa;ti/ble. But we have 
to bear in mind that such a developtnaat can best be developed in a 
social medium. It is in the light of these declarations that the 
curriculiim of the school is to be applied. 

\yhat Experiences to provide ? 

While legislating for a society, while imS-^cating its scope 
and nature of its activities through a curriculum, we must take into 
consideration the pupils’ physical, intellectual, moral and. social 
development, while reflecting what Is best in the life and traditions 
of the community. While studies should not be auchas to be beyond 
their present comprehension and experience, it may be said that in 
the later years of a school, certain studies with definite bearing on 
the next stage of their life should be introduced, whether that next 
stage Is an occupation, a higher study or a university course. 

The intellectual and other activities of the curriculum must re¬ 
present or reflect what is of highest and most permanent significance 
in the life and traditions of that community. Certainly, such national 
traditions apply in their best to the humanity at large. But to give 
a concrete shape to the curriculum of a school, the traditions of the 
bigger society should serve as model to the school curriculum. Like 
the continental countries, England has a strong national tradition. 

This national tradition no doubt, has been Influenced from time to time 
hy various revolutionary elements in the society. To-day^the national 
tradition has evolved into a homogeneous composite body much different 
from the earlier one. This intum, has shaped a society of nation 
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that has newer aspirations with newer potentialities. Science and 
technology have played the moat dominant role in shaping newj^r fhcas 
of the tradition. The curriculum should conform to these traditions 
of newer national aspiration and foster those newer potentialities. 

The above formiXlation means that the curriculum of our school 
should reflect the activities of the present community. These acti¬ 
vities are of two types - conservative end creative. The formier secu¬ 
res the community’s continued existence and maintains its standards 
of life. In other words, they are the activities that go on in fac¬ 
tories, offices, households, on farmlands and in village cottages. 

The latter are clearly exemplified by the activities of poets, dramatis¬ 
ts, painters, musicians, men of sclOTice, inventors, technicians, fcech- 
nologista, administrators and legislators. The difference between 
those conservative and creative activities are not ultimate. Their 
routine performance of to-day were the creative achievements of yes- 

S!!’ 

terday, and may have been the h^est creative achievements of all time. 

The bearing of the<toove fhets, on the problem of curriculum la 
direct and important. The school, if it were to reflect the activi¬ 
ties of the great society^ must give both the knowledge and training 

required for the routine duties of the adult life and foster the crea¬ 
tive impulses needed not merely for the new enterprises and adventures 
but also for dally adaptation of routine wbA technique to the changing 
situations. At present in the secondary schools, the pupilsare assi¬ 
milating too much and do too little of creating. Further, the schools 
stand too long on anient ways and are out of touji^ch with modem move¬ 
ments. 

It is evidj^i^ent by the foregoing, that the activities richest in 
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creative eletnent, have the strongest claim in. the curriculum. It 

Is they that form the activities noticed in the main lines of human 

% 

aohittvements. It does not mean that we should divide the school 
curriculum into conservative and creative groups. Thera can be no 
such groups. It means that every subject should be so or^nised that 
both these elements are incorporated. The relative prominance does 
not merely depend upon the nature of the contents but also upon the 
teachers personality, mode of thinking and approach, types of provi¬ 
sions for pupils’ initiative a nd activities, and upon the technique 
of trea’bment. No doubt, in the accumulated wealth of human experi¬ 
ence, it is difficult to tell which of it is conservative and which is 
creative. But, if a pupil la merely told it is conservative and if 
he is guided to realise it, it is creative. The curriculum can pro¬ 
vide for the development of pupils’ initiative in several new ways and 
all those activities are really creative to those young people. Hence 
a larger place should be devoted in the school curriculum for such 
creative activities than hitherto provided. Such courses of study 
as the training in the care of health, bodily efficiency and grace, 
manners and social organisations, handicrafts with emphasis on aesthebic 
or constructive aspect, should form part of the curriculum. Science 
should provide in addition to conservative assimilation of or^nised 
knowledge, such creative activities as to make use of the principles 
and formulae learnt, in their functional relation to problems of life. 
Hence, science programme in any school should naturally,Include in 
addition to pupils' laboratory activities, a number of other or^nised 
activities Jn which the principles of science are exemplified. 

Preservation of the Hnlty of Knowledge; 

The present tendency in th© secondary schools to allocate separate 
compartments to narrow fields of knowledge looks artificial. The 
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division of some social experience of mankind info history, geography, 
civics, moral lesson etc., simply splltH that beauty of unity. Rather 
It should be studied as one ’social study*. similarly with science, 
fhen it la studied as separate parts, it is difficult to conceive its 
relation to life, A broad grouping of subjects not merely reduces the 
load of subjects but gives broader basis for human experiences and great¬ 
er scope for treatment. It also helps to conceive the general nature 
and spirit of the subject, particularly in the vay in which its impact 
is felt in life. 

Need for a Historical perspective; 

ViJtfitever the curriculum may be, its contents, methods of teaching 
and the devices to be employed, depend largely upon the ability and the 
interests of the pupils on the one land, a nd the needs of the locality 
in which they lave to live as individuals on the other. Further, each 
one of the above aspects of education, change from time to time in ac¬ 
cordance with the change in the ideology and the underlying way of liv¬ 
ing. The structure of the present position by Itself, is less meaning¬ 
ful and less alghlflcant than when it is viewed in its historical per¬ 
spective, Hence before considering the science curriculum of the Eng¬ 
lish secondary schools, it la advisable to study the historical profile 
and the present nature of the English secondary schools and the type of 
responalbillty they have developed through ages and the type of pupils 
that they imdertake to educate at present. 

The English secondary schools are not started as items desi^aed at 
one stroke at one time with one purpbse, Rather ,they a re the products 
of gradual evolution as a result of centuries of experimentation in the 
moat indigenous manner. It 1 a to be recalled here that the secondary 
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education like any other aspect of English education, is least in¬ 
fluenced by outside forces. Hence, it becomes all the more neces¬ 
sary to study the historical aspect of English secondary education for 
the full appreciation of the unique position it has provided for science 
in Its curriculum. 

England ba a a long tradition of secondary education. It commences 
with the establishment of Public Schools in the 16th century. Ho doubt, 
sotie of them are as old as the Hellinlstlc or the Roman schools of rhe¬ 
toric like the Public Schools kept by Quintilian at Rome. But most of 
them appeared in the beginning of the 16th century. Public Schools of 
Shrewsbury, Christ's Hospital, Repton and Rugby were founded in the 16th 
century. That of Winchester dates from 1382 and that of Eton in 1440. 

In addition to these endowed Grammar Schools, a number of less famous 
Grammar Schools were started before 1500. These schools were intended 
for the education of the classes. They provided a type of education 
described as liberal education. They taught the trlviura (Grammar, Logic 
and rhetoric) preparatory to the study of quadrlviura (arithmetic, 
geometry, music and astronomy). Character buildingand education for 
leadership were their tm cherished objectives. 

In the early 19th centairy,there was an urge towards widening the 
scope of studies in the Public Grammar Schools, This urge came from 
within to suit the changed needs of the society. Dr. Arnold of Rugby 
(1828-42) widened the curriculum of his school. Hew public schools were 
founded. They were all endowed and there was no state provision for 
public secondary education. In 1894, Bryce Commission was formed to 
suggest a system of well organised secondary education for England, 
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and tales. The report of this Commission formed the basis of develop- 
jnent of English secondary education In the 20th century. 

A 20th Century effort; 

The establishment of the Board of Education In England and piles 
gave impetus for the big developments in the field of secondary educa¬ 
tion. Till then, there were three types of publicly aided secondary 
schools. They were the Endowed Schools, the higher grade elementary 
schoolsaid the Science and Apt Glasses, Till then,the local education 
authorities were not permitted to spend for secondary education. The 
act of 1902, empowered the local education authorities to encourage but 
did not compel to provide higher or secondary education out of the rates. 
Yet this act became the comer stone of the state educational system in 
England and Pies. It abolished the school boards a nd made the County 
Oouncils, County Borough Councils and certain Borough and Urban district 
Councils, the educational authorities. It gave County Councils and 
County Borough Councils power to supply or assist supply, education 
other than elementary education. It also empowered them to give grant 
to voluntary schools in return for control over the instructions in those 
aohools except over religious instructions. Experiments started in post 
primary education. 

The act of 1902 paved the way for the rapid developirent of sec¬ 
ondary education in the country. The Elsher^s act of 1918, further 
consolidated the secondary education. It raised in addition, the 
age limit of compulsory attendance to 14 and without exception,to the 
®ad of the term. This necessitabed the local education authorities to 
pi’ovide advanced education to older pupils In senior departments or 
central schools. A number of Local Education Authorities organised 
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separate sohoola for pupils above 11, TUI then,education In the 
secondary schools viias not free. This extension of educatiomlfac 1- 
litles to older student s^, re suited in the organis^^^of instructional 
facilities in the different subjects. It particularly helped to 
develop a science programme for boys and girls, up to the age of 14, 
including ihcilitles for pupils* laboratory activities. 

Hadow Oommittee Report. A land mark; 

Though a number of secondary schools were started after the Aot 

of 1902, and a variety of experiments in post-elementary education were 

in progress, the term elementary and secondary were left undifined till 

1926. A, Gommittea set up under the Ohalrmanshlp of Henry Hadow,issued 

a report on *The Education of the Adolescent* in 1928. It recommended 

7 

among other things 

1. That all education after the age of 11 should be known as 

secondary education. 

2. TiBt there should be differing types of secondary schools 

designed to meet the varying needs of different types 
of pupil a j 

3. Pupils should be moved from one type of schools to another 

at 12 or 13 If they are likely to profit, and 

4. That the compulsory school leaving age should be raised to 

15. 

The Hadow Committee Report proposed a complete break for allj^hild- 
at the completion of 11. For 13 years after the publication of 
the Hadow report there ms a reorganisation of the English schools. 
Inspired by the suggestions of the report and backed by the Board of 
Education,the Local Education Authorities provided adequate facilities 
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for the education of children after 11. More central schools and 
senior elementary schools were built until 1939 when the second World 
put an end to it. A process of trying a nd testing the science 
programme to suit the varying interest of children ms taking place. 

The Spans Committee Report -- the turning point; 

No doubt, there was a steady but confused growth of post^primary 
education after the publication of the Hadow Report. There were the 
grammar schools with well established traditions. They were the real 
secondary schools. But the Modern schools that provided education 
after 11, were also secondary In nature. But, they did not enjoy the 
same prestige as the grammar schools. There were also a number of tech¬ 
nical junior schools. Even they were not able to gain the prestige of 
the secondary schools. But therswaa need for making a 11 typeSof eduoatlo: 
after Unequal in status. Hence a new committee, with Spens as its 

Chairman, ms set up to consider the matter. The committee issued its 

g 

report in 1938, It suggested among other things - 

1, That wlBtever the type of education may be, the school 

after the age of 11 should be called a secondary school, 

2, Three types of-schools may be started in accordance with the 

differing ability and aptitude and needs of children. 

3, All may enjoy the status of secondary school. 

4, The secondary grammar, secondary modem and the secondary 

technical schools may be started to provide education 
after 11,according to their ability, intereatsa nd needs, 

5, A course of general science should be taught in all secondary 

schools upto tiie age of 16 as part of a liberal scheme of 

q 

education. 
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Tb9 Spens Coramlttea's recommendations could not be given 
effect to, aa tins country plunged into the second ■world -viar, the ver'y 
neJit y9a^« During the wr time the nation realised the importance 

of a sound system of general education to one and all in the country. 

The suggestions mad© by the Spens Oommittee, particularly those con¬ 
nected with ■ttie strengthening of science programme , we re realised to 
have fer-reaching effects when implemented. In fact^those recommenda¬ 
tions were Implemented bo a great extent by theAct of 1944. 

1944 Act - Diversification of Courses; 

The Hadow Committee report postulated three types of pupils in 
the post-elementary schools. The first type of pupils who will study 
beyond the 16th year and take up some university examination, proceed 
later to university studies or other higher • studies. They are pupils 
gifted, more fortunate and suited for an academic type of education. 

The second type of students are those less gifted but who study up to 
or beyond 16 and take or not take,a university examination and proceed 
to some hifjher technical course or join industry. Theyare the tech¬ 
nical students. The third type of pupils are those yfixo are least 
gifted and least fortunate and likely to stay up to 15 onlyand do not 
wish to take up any examination but settle in life immediately after 
15. They are the modem students. The Hadow Report recommiaded that 
all these three types of pupils should study in a secondary school 
suited to their ability and requlreaBEfinta, Further, the Committee 
after an analysis of the social need,referred to the fact that the 
first group will ba ve to become the technologists and the second group 
the technicians where a a the 'third group to become skilled labourers 
and good citizens. The Committee also examined a number of witnesses 
paychologlcal, industrial and sociological. On the basis of the 
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evidences it recommended three types of alternative secondary schools, 
each equal In status with the other but designed differently so a s to 
provide the best type of education suited to each stream of students, 
after the primary school. These changes envisaged in the report, could 
only be given effect to after -tiie second world war. In 1944, through an 
4ot of the parliament. 


In the field of secondary education the most important changes na de 

il 

by the Act of 1944, are these* 


1. secondary educatiLbn vuas made available to every child without 

coat do the parent over 11. 

2. From April 1947, school attendance was to become compulsory 

up to 15. As soon as possible the minister mi^t raise 
it to 16, 

3. secondary schools should be separate from primary schools 

except for disabled children. 

4. Detailed minimum requirement were laid down regarding the 

school buildings, qualifications of teachers, size of 
classes, etc. These requirements apply both to schools 
provided directly hy the local education authorities 
directly by the local education authorities and those 
by voluntary authorities. In the latter case the local 
education authorities or ministry of education would 
pay the entire cost of education including teachers’ 
salrles and improvements. 

5. Public funds were made available to voluntary agencies under 

certain conditions to play their part in the new scheme 
of education. 

6. Bvery local education authority was empowered to supply or 

aid to supply the full education In its area-primary, 
secondary and 'fwirther* education. Formerly there were 
some authorities having control over primary education 
while a different authority was responsible for secondary 
education. 


The above changes created for the majority of children completely 

If 

a new educational aervice. It was,possible to design and evolve dif¬ 
ferent types of science programmes for each type of secondary schools 
Ih accordance with the differing nature of pupils* ability, interests 
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and ne eda • 

Different t??T>es of Secondary Schools r 

'Jllie education Act of 1944 is baaed on the principle that ’Schools 
must differ in what they teach and how they teach it, just as pupils 
differ in tastes and abilities*. The secondary school system natu¬ 
rally offers variety in the curriculum a nd variety in the approach 
suited to the differing aptitudes and abilities and stages of develop¬ 
ment of children, concern ad. Moreover the school life of soma child- 

ren will be longer than that of others. As stated earlier, second¬ 
ary schools had to be planned to cover six to seven years in case of those 
desirous of going to University, while for those who do not, will tove 
to be planned for four or three years. Yet all schools should be so 
deslgaed a s to provide a complete education. The recognition of these 
feots is a special feature of th© 1944 Act. It requires secondary 
achools to bo 'sufficient in number, character and equipment to afford 
for all pupils, opportunities of education, offering such variety of 
instruction and training as may be desirable in view of their different 
ages, abilities and aptitudes, and fbr the different periods for which 
they may be expected to remain at school (Section 8, (1), 1944 Act), 
Clearly, it was necessary to ha ve a wide variety in the secondary system. 
The curriculum mustbe made to fit the child and not the child to the 
curriculum, schools must offer the kinds of curriculum that will fit 
them all to live happily and to become useful members of the community. 

'^he above requirement of the act, as w^ill be seen later, is the single 
impetus that prompted tl^ secondary schools to evolve a variety of 
science courses, suited to the varying Interests, abilities and needs of 
pupils. 

There are certain boys and girls who learn moat easily by dealing 
with concrete things In technique common in their day-to-day experleno©. 
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At llj a few of them could dlaclose particular Interests and aptitudes^ 
well enou^ to require any other course. They would like to develop 
freely In bhe ir own line and get an all-round education. Such a school 
will also provide them qpportunlty to sample out their skills and sub¬ 
jects and to pursue those which attract them most. This type of pupils 
forms the majority of secondary school children at 11+ and it is for 
them the secondary Modem schools have been designed by the Bducatlonal 
Act of 1944, 

Some students will liave decided to make their careers quite early, 

in bmnohea of indistrles or agriculture} they require a special kind 

of aptitude in science or rnathematics. Others may need a course more 

specialised, more exacting and longer in duration than that provided in 

the modern school,with particular emphasis on commercial or vocational 

subjects, music or art. It is for such pupils that the Act desi^ied 

h A* 

secondary Technical schools. 

Some pupils vAiose ability and aptitude require the kind of course 
with the emphasis on books and ideas, are attracted by the abstract 
approach to learning and prepared to stay long enough to benefit from 
the VI form work, vihich shall form the characteristic feature of such 
schools. For them the Act designed the secondary Grammar Schools. 

The Best Tape of Secondary Education to every child; 

In fact the schools are designed on the principle that some child¬ 
ren possess more of verbal ability and the others have vocational 
ability based on Alexander's theory of Intelligence. But the Act does 
realise that books are as much essential to the ajl-round education of 
®uy type of child,as activities. Hence, no school can exclusively 
base Its work on otoly one or the other. A person who has not develojad 
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the skill ol* liind. Is a a traperfeotly prepared for life as one 'wto-o 
cannot read# A person #io does not know how to repair an electric bell 
j_g as Illiterate in life, a a one \Tiio does not know how it works,’ The 
proportion in which these two vmya are to be combined, should be deter¬ 
mined by the capacities and needs of the individual pupil. A pupil #io 
is going to become an ordinary factory worker,need not be compelled to 
study the abstract principles of science. Similarly, a pupil #io is 
destined to become a designing engineer, cannot be denied the discipline of 
an enriched course of science. And the principle involved in tbe new 
secondary education is tVnt wlmtever his ndtlve ability may be, the child 
must be guided towards the kind of work in the school over which he can 
acquire some sense of mastery. This further means, for Instance, that 
it is of little use to present subject matter to him which he is unable to 
appreciate or press him to labour in an atmosphere of frustration. It 
is evident that it is unfhir to e:xpect him to develop throu^ a -study of 
Latin or advanced mathematics if he shows no sign of attaining any stand¬ 
ard in them. similarly, it is unfhir to restrict him to practical worfc 
if his more characteristic outlet is through humanities. No or^nlsa- 
Won can or will adequately meet the situation that Involves the sacrifice 
of the best Interest of one type of child bo those of others. No coun¬ 
try can afford this sacrifice, which takes the form of a serious educa¬ 
tional wastage. 

Every secondary school of whatever type 'it may he, must be able to 
provide for the full development of the child's personality as designed 
by nature. This is the vital part of the new concept of secondary odu- 
oation for all. The act also provides for combining in one, wherever 
possible, all the three types of secondary education. Though this 
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suggestion can raeeb both for and against, it la at lea at ©aaentlal to 
ensure that ti» courses provided, are sufficiently varied bo meet all 
needs and that they are of equal status so that transfer from one to the 
other is fhoilitated and that the opportunity is given to all children, 
the less able as well as the abler, to develop fully and to gain some 
experience of responsibility. For this purpose it is essential that 
the school must be sufficiently big to provide necessary variety for the 
senior pupils. Such a school must at least have a strength of 1500 to 
1700. Such schools, in fact, have developed in recent years in the 
different parts of U.K. under the name. Secondary Comprehensive Schools. 

The adoption of the right of children to get education according 
to their ability, interest and need involves the provision for a country¬ 
wide scheme of diversification through a selection examination. How¬ 
ever best the selection machinery might have worked, th«!^ere is likelihood 
of some wrong or misplacement at 11+ and hence it shall not he considered 
as final. Moreover, some pupils may have dormant abilities and inter¬ 
ests which may develop a little later. Hence, there should he arrange¬ 
ments to reassess the abilities and aptitudes of such late bloomers at a 
later date and to transfer them from one school to the other if their real 
or late abilities and interests warrant. Then only can the spirit en¬ 
visaged by the A,ct, can be realised fully, in practice. 

Though there is need to ensure suitable difference in content, 
technique ad approach to the teaching in the three different secondary 
schools, it must also he remembered that there shall bo a very common 
feature namely that the education provided for the children in any school, 
^ modem, a technical, a grammar, a bilateral or a multi-lateral or 
comprehensive, should appeal to the Interests of the pupils and related 
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to their abilities and needs. They must be able to leave the sehool 
at whatever age It may be, as balanced individuals, ready socially, 
emotionally, physically, spiritually and Intellectually for the next 

l5 

gtage in their lives. This demands th© designing of* courses in science 
and other subjects, several sets, each capable of ensuring complete 
education in that jartioular field. 

A Haw Orientation to the Old* 

Though the Act of 1944 designed ttiree different types of second¬ 
ary schools for England and lilies it did not create them for the first 
time. It rather ga ve a new name wrlth a clearly designed shape and 
policy, to the institutions that already existed since 1902 or even 
earlier, In the country for post-primary education. But the only insti¬ 
tution that vjus known as secondary before that Act, was the grammar 
school. The particular variety of education they offer hereafter, will 
be only a snmll part of the secondary education. Those grammar schools 
were modelled after the tradition of t he Public Schools of Slnglandaid 
hence enjoyed a long tradition. ®jnc© their tradition is sufficiently 
old, the standard they had already achieved helped them to maintain for 
themselves and give to the newer secondary schools a sense of direction. 
Hence it is essential to consider them first be for© going to deal with 
the newer ones. 

The Gra mm r s; ^ho ol 

The gramwr schools before 1944, offered a general course for 5 
years and stress v»b laid on logloal and aca demio aspects. Languages 
(classical and modem}, ma,thanmtios and science were given a predomin¬ 
antly academic development. The subsequent intensive course in VI form 
covering a narrower range of subjects, used to lead boys and girls to 
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studies at the university level. Tl^ distinguishing features of 
the above two courses are to be found not so much in their content, but 
In their length, in the scholarly treatment of their contents and 3n 
the stem Int^leotual dlsolpllne they afford(wL. 

The Horwood Report )[i)age 6 and 71 mentions certain qualifies 
necessary for a gi^mmar school child. According to the above report, 
they must have a high m^sure of general intelligence to wrestle with 
Intellectual, abstract probleraa in a disciplined way. They must also 
he fond of books and must be readily drawn to abstract ideas. Above 
all, they must be prepared to stay long enou^ in the schools to derive 
real benefit from the studies they undertake. Within the range of tal¬ 
ents and interests manifested by such pupils, the grammar school will _ 

aD 

find scope for the many aldedness on which it has set high values. 

Though the Ac^ ^®44 has retained the name of the grammar school 
as such, it should be realised that it did influence them to reorient 
their policy and functions in a more desirable and democratic direction. 
Grammar school education was costly; only those vidio can afford could 
go there. Of course, a few free places wore reseirved for those who 
could come by merit after taking the selection examination at /ll+ . 
Yet, there wa no scope for the greater majority of highly intelligent 
but poor pupils to go there. They bad to think of some sort of post- 
prlmary education thou^ they were fit to become first rate techno¬ 
logists. This was a great waste of national Intelllgentla. The Act 
made secondary education free to all. Grammar schools had to admit 
not merely pupils who are soolo-economlcally fortunate but also those 
that are intAleotually fortunate. In fact, even if a child were to 
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ba rich If he had no sufficient Intellect and talent he could never 
gat Into the gramnar school. This democratising influence not mei^- 
ly provided education of an academic type to all those that did de¬ 
serve by their ability and aptitude^irvlt also raised the other secon¬ 
dary schools to the same status and standard. Further, since grammar 
schools were classed with other secondary schools and charged with 
tba functions similar In status but different only In nature, there 
Is need for them to adjust to the life for which they cater. Ho 
doubt, in compelling them to respond to this new obli^tlon, they 
must be allowed to retain their freedom. If this two-sided adjust¬ 
ment were to be achieved the renaining part of their adjustment to 
alms and method will automatically follow. The Act expected gram¬ 
mar schools to reorient their task within their boundaries with 
imagination, courage, fhlth and thought. 

The tendency of pupils to stay on after 15 till 18 i.e., for 
two more years is gradually growing. In otherwords, secondary edu¬ 
cation is resolving into two graded courses, it is felt essential to 
make both courses one continuous course of six or seven years dura¬ 
tion. In fact, the special feature of a grammar school lie® in 
its sixth form at present. This is particularly true with respect 
to specialisation in sclenceand other subjects. Because, in the 
wrly stages the courses In all subjects are broadly based as In 
other secondary schools j and la ter, in the sixth form narrow speci¬ 
alisation commences. This can be well compared with a tall and 
narrow pillar of advanced work standing upon a broad and low base 

(L 

of general studies. So, tlere is the conflict between the lnt 0 i»eata 
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of wider atudlea and the apeoiallsatlon. Of course, the A.ct pro¬ 
vided for a hroad-haaed study for four or five years and a fairly 
troader specialisation in the lat/er years. This is possible only 
if they reorient the content and technique In a more flexible vmy. 

The graminar schools will have to br^k with the past in some ways* 

Jn others, their very tradition will be their strength, *They have 
to face the future with confidence and courage on the one hand, and 
on added sense of re 5 > onalblllty on the other* (The n®w Secondary 
Education) * 

Courses of atudlea in Science in Graminar Sohoolst 

In all graramar schools there Is a general science course for 
the first two years. In some schools it extends up to the first 
three years. In a few schools it is carried on up to tiae *0* level 
examination. specialisation generally begins after the second year. 

In some schools It may begin after the 3rd year. In a few schools 
It begins only after the »0 * level examination. After the »0 * level 

examination the pupils enter the 6th form. Those who take up science, 
specialise In one or two branches of science. Some of the examin¬ 
ing bodies have provided for a course of General Science (Bristol 
University Board), even for the advanced level of the general certi¬ 
ficate examination. m some of the schools there is a course of 
Natural History which Is generally carried upto the '0* level of exa- 

\ 

mlnation. The Combined Examination Board of Oxford and Cambridge 
Universities has provided for such a course. 

Pupils in tile grammar school are generally streamed out on the 
basis of their interests and abUlties in the 3rd year. They may bo 
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like craft atream, language stream and science stream. From 3rd 
year oniaard the craft stream and language stream will have a general 
science course \^ere as the science stream may either take up an 
additional general science course or specialise and take up physios with 
chafflistry or physics or ohemlatry, general science with biology or 
botany. After tbs 'O' level^ general science is not encouraged In ;^inany 
schools. 


=^tatement showing the allocation of time for science Instruction 
OTamnar school'; ^ 


I Form - 5 periods of 40 minutes each. 

II Pbi*m - 4 periods of 40 minutes each. 

Ill Form - Diversified courses: 

i, craft stream - 5 periods of 40 minutes each 
li. Language stream - 4 periods of 40 minutes each 

ill. Science stream - 5 periods of 50 minutes for 

physios with chemlstryj 
4 periods of Biology; 9 periods 
In all. 

IV Form - ^me as III Form. 

V Form - same as IV Fora. 

(upto VI Form, double periods of 80 or 90 minutes are pro- 

VI Form - !• Lower: 7 periods of one hour each. vidod. 

11. Higher; 8 periods - 3 periods come continuously. 

(Upto the VI Fora, there is no differentlaticn of 
Science course Into practical and theory. In the 
upper sixth, periods for practical and theory work 
are separately allotted. For practical worii three 
periods come togfcher.*^ 








•" 162 


The ayllabua In tiie genei?al science course contains topics 
of various branches of science like physios, chemistry, botany, 
zoology, geology, astronomy and meteorology. The subject is sup¬ 
posed to be treated with an ®nphasia an its cultural and utilita¬ 
rian aspects so that it will form pai*t of pupils* general education 
ibr life. Even the organisation of the toplosls generally either 
on a topical basis or on any other convenient basis. It is not 
generally organised systematically to a a to give an academic bias. 
Whereas the specialised courses In physics, chemistry, biology or 
botany and zoology are generally, systematically organised with an 
emphasis on academic aspect. 

Another important feature of the grammar school science course 
deserves attention. In every grammar school there will be pf many 
students who will specialise In one or the other blanches of humani¬ 
ties and will not specialise in any branch of science. But, it is 
essential that they also have to study science though they will not 
take up that subject for examination, A special course of science 
is provided for such non-science apeolalist students. This course 
Is generally called "science for non-science apeclallata". This is 
introduced immediately after streaming out takes place in the 13th or 
14th year. Till then those non-specialist students would have stu¬ 
died some science in the form of general science. The science for 
non-science specialists is after all,a continuation of the general 
course. But now the emphasis is primarily on cultural and social 
suspect a. It is intended to provide them a knowledge of the methods 
of solenoe, its effect on modem civilisation and the contributions 
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of the heroes of science to the progr;!«e8S of human though. Cer¬ 
tainly, It Is a good background to the study of any of the humanities. 
It makes at the same time those students of humanity more scienti¬ 
fic 1 


Grammar schools are specially knomi for their sixth form tra¬ 
dition. Till then the Instruction given does not differ so much 
ffoto that of any other secondary school, though marked stress Is laid 
on academic aspect as demanded by the university entrance requirement. 
This is particularly true with the teaching of science. The courses 
of studies in science for the 6th form are specialised and systematic. 
Each of the special subjects la built so as to give a thorough ground¬ 
ing in that particular field of actenoe to ensure deeper scholarship 
and discipline needed to carry it on in the University. The syllabus 
in each branch of science includes in addition to theoretical aspect, 
a good number of topics for practical treatment to ensure that the 
pupils will thereby, develop not merely a systematic scholarship in 
the subject, but also acquaintance with the particular technique of 
studying the topics. 

Some of the grammar schools, particularly the boarding schools 
have an interesting science course which even to-day, hears the his¬ 
toric name of »Natural History* course. No doubt, during the last 
century a number of secondary schools were teaching this subject. It 
may cover zoology, botany, geology and astronomy. Much of this course 
is practical work. The students will have to study the flora and 
the fawna of the selected locality; they have to study the geology of 
that place. Of course, they do require the gulcfenoe of the teacher. 
This course is not encouraged in other secondary schools. Even in 




tlios6 gi*ainiifip schools where it is introduced.^only a few students 
will study it. Since it is not an examination subject, some times 
It becomes an optional course, of course the Combined Examination 
Board of Oxford and Cambridge Universities has offered Natural 
History’ as one of the subjects for its ’0* level examination. But 
rarely pupils take up that course for their examination. 

The Modem School; 

The modem school is compared to a growing tree with strong roots 
but 30 fer, with a limited number of branches. m fact, there are 
only a very few schools which represent the standard for other modern 
schools in curriculum coiivJ Itions, building and the rest of the school 
tradition. Some of the Important factors tljat have come in the way 
of their building a strong tradition, are unsuitable premises, lack of 
stability in staffing, lack of adequate number of graduate teachers 
on the staff, classes of forty or more and the leaving age of fourteen. 
But it is sure that the modem school shall evolve a tradition of its 
oma. The line of its development la already clear. That tradition 
is democratic, realistic, moderate and modem. 

The modem school differs from a grammar school in its broad 
outlook and objectives. The pupils th«t are entrusted to its care 
a.re children of widely differing ability, aptitude and social back¬ 
ground. It has to cater for the needs of boys and girls with a marked 
practical bent; it las to tackle the special problem of backward 
children, 4 a it is said in the Spens Committee Report ’By no means, 
all who aucoeeed in commerce or industry are of the type which bene¬ 
fits at all obviously, from an acaderalcsBd aoiontlflc education, and 




it la very probable that many such men would have gained more frcan 
the currlculiim of a modem achool, especially If they were more 
attracted by such a curriculum and more industrious in pursuing it»! 
jji addition to such gifted children a number of educationally sub— 
normal children, will also attend the modem school. Since tt© school 
caters for auoh a wide variety of ability the mbdem school will l»vo 
to work out syllabuses and methods for each type. Naturally, no 
uniformity in standard, technique and syllabus can be expected. No 
doubt, the aim of modem school la to provide a good aiprround educa¬ 
tion. The varying interests and abUltiea of children demand a cur¬ 
riculum that is not of a set, traditional type. It must be rather, 
such a3 to appeal to their interests, stimulate their ability to learn 
and will teach them to pursue quality in thought, expression and crafts¬ 
manship. In feet, the school life must be such as to Interpret the 
modem world to them and give them a preparation for life in the widest 
aensa, including a full use of leisure. It will have to aim at get¬ 
ting the most out of every pupil that be Is capable ofjistejltmust train 
him to become adaptable so that ha may do any job properly and thorou¬ 
ghly. It shall also be such as to inspire him not to be satisfied 
with bad workaanship but to be exact in what he says and does. In 
feet, to teach such pupils with such broader objectives, the school 
should enjoy in all fields of activities, a good lot of freedom and 
flexlbil Ity, 

It is gratifying to note that the modem schools are already 
building a tradition of their own. They are evolving a balanced cur¬ 
riculum with many kinds of practical activity. They a re achieving 
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a atsn.dai*ci of offlclQiioy on tho ons Inand., and. dsallng sucosssfuHy 
with the backwrd pupils on the other. if the local education 
authorities iwere to have confidence in the work of the modem schools 
and give the same amount of freedom, equipment, staffing etc., as they ' 
ppovlcLe the grammar schools, they can soon become the assets of tl» 
national system of education. The teachers of the modem school 
should have not merely knowledge and experience but also Ihcllitlea to 
experiment and adapt their own approach to the varying needs of pupils 
with whom they have to deal. There is no examination of an external 
nature. The teacher should be free to vary the curriculum purely on 
educational lines, to ensure best possible conditions for each pupil 
to grow and to ensure that the interest aroused thereby, would be kept 
up throughout their life. The absence of an examination at the end 
of the course enables the modem schools to adapt themselves in their 
courses of studies to the particular needs of the community. 

The industrial revolution has helped mankind in raising the stand¬ 
ard of living. But automation and rapid industrialisation have come 
in the way of artistic perfection of a master artist, simplicity of 
life, sense of appreciation etc. The modem school is charged with 
the special responsibility of giving back those things that are being 
lost, through a process of alL-round education of its own. Religion, 
physical education and aesthetic subjects must play an important pa?rt 
both in the time table and in the general life of the school. Parents 
inay dislike modem school because, it does not pay exclusive attention 
to make pupils to 'learn to use their brains'. Because, the purpose 
of the modem school is to give an all-round education which was not done 
^7 earlier schools. Further, it gives equal importance to other func- 

tlona also^lt gives 110 the nse of the brain. 






Puplla of the modem school exhibit wide range of ability. 

Hence, there is great difference in the nature of intellectual train¬ 
ing Jn this school and the other secondary schools. Some pupils are 
backward and require an extremely simple presentation of the subject 
matter. The able children require a more ambitious curriculum and 
treatment for their full intellectual development. 

The class rooms, activity work shops and play grounds are all 
Interrelated in their educational contribution toinards the whole de¬ 
velopment of the children. Even wiidi regard to curricular instruc¬ 
tion, there is no need for water-tight compartmentallsatlon. One may 
overlap with the other. In the lower forms specialisation is not desi¬ 
rable. This must be postponed as far as possible, to the upper clas- 
sea. English, mathematics, history, geography and science are among 
the subjects to be taught. Physical education, arts, music, handi¬ 
craft, housecraft and various other crafts take the activity aide of 
instruction. 

Science in the Modem achoolt 

Education in Britain is a partnership between Ministry, local 
education authority, managers and governors of schools and the teachers. 
The head master or head mistress is responsible for drawing up the 
syllabus for each subject In his or her school. They may gat advice 
and guidance - possibly criticism but not directions from Inspectors. 

But the subjects to be taught, time to be spent on each of them and 
the technique to be followed in teaching them are matters to be decided 
by the school Ita^elf- So to speak, the interna of education la left 
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to thfl scbool Itsdlf. Th@ ministry can only guide. Naturally, 
there is perfect scope to organise the school life In Its /own way. 

It la free to select and or^nlae tl^ contents as It feels desirable. 
Regarding the science to be tau^t in a modem school, the courses 
in science a3?e being designed to give pupils some understanding of the 
laws of nature and some grasp of the scientific achievements^ of man. 
Thereby, It will arouse their wonder and stimulate their curiosity. 

It may encourage a scientific attitude of mind. The most effective 
«iy of achieving these ends is the adoption of an integrated syllabus 
of general science, that combines in a coherent scheme a wide variety 
of topics, covering the whole range of natural science; Biological 
studies'and those dealing with the Inanimate world should be Included 
in all schools* Topics for study should be selected for their In¬ 
trinsic importance and Interests and not because thsy fall tithln the 
conventional branches of the subject. In rural area there may bo an 
emphasis on biological studies. City area may lay emphasis on physical 

Tw«v« ia 

soiences. But in .. either ca ae^o need to concentrate attention on 
any one branch. Both aides must be studied In both areas. They 
should remember that they study not about any one area only but about 
the world. Those areas of experience may draw materials from any 
branch of science. 


Project Method for Modern School Childreng 


Curiosity Is the main stimulus to Intellectual process. it la 
natural among children, though uncertain In Its growth. It is easily 
aroused but it is difficult to nnintaln. The Interest and curiosity 
of pupils must be developed without being broken by the compartmental 
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j^ature of ths curriculum. This is th© genera,! principle on 
v/b.ich its contents should, be selected.. Though this may come 
in the of the systematic study of a subject it will be of 
great advantage to give it free scope to play even if it la be¬ 
yond the jurisdiction of the subject* That naturally involves 

the concept of the unity of knowledge. One subject must not 
prohibit the interest and curiosity of children from trespassing 
into the other. This nature of interest comes in the way of 
satisfying its natural urge. in science, it is preferable to 
consider all aspects together than to divide them into compart¬ 
ments in the modem school. This helps a skillful teacher, to 
cover a wider field of science. Similarly with re^rd to the 

remaining arts subjects. They can be together considered to 
constitute the general arts. 

The Project method is really a work both to the teacher and 
to the pupils alike. Thereby, it is possible to relate the whole 
body of pupils’ work and experience 3 n the study of science or 
other subjootsjto the central core of his interests. Soil, town, 
transport, tools, sea, etc., whan studied as a topic, each can 
give a unity for a large variety of topics belonging to different 
branches of science# The pupils to work out the topic, will have 
to undertake invest lotions and discoveries In widely differing 
fields. There Is scope for the flill play of various kinds of 
Interests and abilities* There should be historical poss IbUltiesj 
there should be geographical possibilities as well as scientific 
possibilities and scope for technical investigation. Above all. 
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tharQ must; bs th© loc&l sQ’b'tiiig to p3?ocu.pe inter©st of* the pupils a.?\cL 
aroua© their curiosity which will work as the motive force to carry 
on the project to completion* Bxcursions to places of necessity 
will have to be undertaken; Ihcts and figures are to be collected* 

This helps to develop their reading and arithmetic ability, in 
actually working tt© project the pupils will advance In technical 
skills or writing, calculating, manupulating, constructing, sketching, 
painting, etc* But the teacher should have a special measure of 
imagination and alertness. He must act as supervisor instead of 
instructor. He must carefully coordinate tt© fields of experience 
whether of arts or of science in such a way that at the end the 
knowledge gained and the methods and attitudes developed, become aya- 
tematlc and harmonious. 

Some children may require additional stimulus. This may be 
provided through pictures, films, film-strips, wall panels, flannelo- 
graphs and even teachers’diagrams and notes. This visual programme 
will help to bring in to the scene, the historical, social and aol- 
entlfic settings to arouse the curiosity of such children to the need¬ 
ful extent. This kind of approach which Is most popular in America 
ia Ihmlllar to most teachers in United Kingdom. But they do not show 
enough interest in the technique on i|i© ground that it may not pro¬ 
vide adequate Intellectual training. This reason also holds good 
with the traditional approach. But the project technique, if pro¬ 
perly handled will as certa Jnly provide the same sort of intellectual 
training as that provided hy the traditional methods. The collee- 
tlon and comparison of fhota, the consultation of sources of knotudedga , 
the interpretation of evidences, the bold postulation of hyptheaea. 
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the ©atablialmient of principles, formulas, or laws from particular 
9 xaniples> bhe analysis and synthesis involved, the realisation that 
the requirements of an InvestlgatIon demand the mastery of a tech¬ 
nique to make further progress - all these are first-rate training. 

The use of heterogeneous materials will make them understand how all 
subjects are united and Inextricably related to life. Of course, 
this particular technique may not produce first-rate scholars or 
specialists. This Is not the object of the modern school. But, 

It gives a very good social training in developing in the individual, 
the sense of responsibility of his share in the common lot of society 
as an interrelated individual. Such a project can be arranged ex¬ 
clusively for science programme in the modem schools. 


la aslflcatlon and Pr ogramme of Work In a Modem School 


Children in the English secondary schools are often classified 
on the basis of their attainment In mother tongue and arithmetic. 

They may be classified into two or more streams arranged on this basis. 
The abler children are grouped together while the less abler ones foeta 
a separate group, so that teaching may be adjusted to their ability. 

The latter group requires a different approach and a simpler presenta¬ 
tion of the matter. The teacher sOso must be more sympathetic towards 
them. For this purpose intelligent tests are often used. But 
classification baaed on this, often, may prove bad and hmce a subse¬ 
quent testing and sorting will be essential on the basis, of their 
future pa rfoiimanoe, In this «ay pupils can be classified according 
to their ability for Inatmotlons in all the fundamental subjects of 
the school curriculum. It is found by experience, such a grouping 
will hold good even from the point of view of science abilities. But 
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gfl gi *0 gp t ion ab-Ould be lion It od. and tbs school must haTO ample scope 
for social contact among the various types of pupils in the school, 
during the remaining period when dassrocm instruction as such, la 
jiot . 

One rmin defect of such a method of classification on the basis 
of pupils"'- achievement in mother tongue and English is tint an extra¬ 
ordinarily talented pupil in on© or tt© other subject is likely to bo 
treated as dull if he la weak in mother tongue or arithmetic. So, 
the best method of classification is to arrange the streams on the 
basis of their ability in each subject. This can be done In two 
myss 


1 . ^ form may be sub-divided into groups; all the groups may 

work under one teacher; the teacher may teach the subject 
according to tbs Ir ability. Tasks may be graded and set 
according to the children’s varying capacillea In that 
particular subject. This is specially suitable where the 
work of the form is organised round a centre of Interest 
as in the project method* This la one of the typos of 
of streaming out pupils of a form. 

2. The second device is to stream out pupils of a form into 

different pattern according to their aptitude, They are 
the subject streams l±ffke language streams, science 
streams and craft streams. Instead of calling langu- 

(T 

age stream sometimes, it may be called Milton or Slakes— 
peare stream. similarly the Science stream can be 
called as Newton st 3 ?eam or Bferaday stream. The craft 
stream can be called as Moroonl stream or Gilbert stream. 




Such a cla 3 si float Ion gives an atmosphere of culture and Inspires 
them to devote tJaemsolvea for the cause of humanity. m addition 
to its cultural colour, the ahov^ basis hanishea from the minds of the 
pupils the unpleasant feeling that one Is weak In certain subjects. 
Itrther, this breaks daaa tradition and builds democratic attitude. 

This aspect of the school organisation helps in our attempt, to select 
and ooncerve science talents. But, It la essential that all pupils 
of one stream should, be under one master or one mistress. 

In view of the fact that there Is a demand for lengthening the 
duration of the modem schools from four to five or six years, it is 
desirable to provide special courses to them so that they may develop 
mastery over certain subject or craft or art. 

Whatever It may be, the curriculum and time-table In modern school 
should bo varied and flexible to suit the varying ability and aptitude 
of pupils. This statement applies equally well to science also. A 
number of modem schools which I visited, exhibited great flexibility 
in the way In which the ourrioiilum was adapted. Boys and girls who 
were abler, had the full complement of the contents from all branches 
of science. Wharfs, the weaker ones ted a comparatively simplified 
course of study In science. The lowest stream represented very baok- 
irard children particularly in their ability to study science and they 
were neither eager nor able to learn science topics of a serious nature. 
The school had wonderfully adapted the basic ourrloj^ilum to their 
needs and interests. One of those boys studied radio. One of the 
girls was advised to study telephone. They really showed interest 
in such types of concrete learning. They had sets of the above ap¬ 
paratus. They could dismantle, reassemble and even learn to repair. 
That was a course of science that best suited their ability, needs 
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and interest. Wl^t a democratic adjustment I The school programme 
is being adjusted to the interest, ability and aptitude of children. 

<Htatement showing the allocation of time for aoienoe in a 
Modern School ; ———~ ' 

I Pom - 2 periods of 40 minutes each, or caae double 
period of 80 minutes. 

II pom - 2 periods of 40 minutes each, or one double 
period of 80 minutes. 

Ill Form - 2 periods of 40 minutes each, or one double 
period of 80 minutes. 

IV Form - 2 periods of 40 minutes each, or one double 
period of 80 minutes. 

( In all there are 35 double periods per form per year. About 
35 topics form the science course). 

The above allocation of 80 minutes for science per week in modem 
schools appeared to me as if the subject was practically neglected. On 
enquiry I found that for regular class work in any other subject, no 
special distinction was shown. The time for more verbal programn^ was 
curtailed. Rather, tiie time saved thereby tos devoted for activities 
and projects in science as In other subjects. Only two periods of 
forty minutes each were set apart for science. These two periods used 
to come contlnuou^y. So, they could get 35 double periods for science 
programme per year. Accordingly the science course for each of the 
form was divided into 35 topics, each topic to be covered in one double 
period. But the period during which the pupils engaged themselves In 
activities, directly contributed to enrich the school science programme. 

Secondary Technical Schoolss 

Though seoondaz*y technical schools have appeared In a new garb, 
after the act of 1944, they do owe their existence to a variety of earlier 
schools that provided semi or fully vocational education in Bngland. 

It is interesting to note that many of those post-primary schools had 
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developed themselves in accordance with the industrial demands of the 
society* Their gradual perfection from stage to stage, until they 
all became secondary technical schools after 1944, Is an interesting 
oliapter in the history of educational experimentations in the Bngllah 
post-primary stage. The following types of schools can be considered 
as the forerunner of the secondary technical schools: 


1, Junior Technical schools of two typest- 

a« The tra de school s tha t tra ine d pupil a for 

particular occupations - They were almost 
confined to general area. 

h. The schools that trained pupils for the gen¬ 
eral group of industries connected with 
engineering with all its branches - Pupils 
could go for further education. 

2, Junior Commercial Schools: 

One third of tha total time la devoted to sub¬ 
jects that are directly vocational. General 
education is provided during the 2/3 of the 
renKi ining period of school life. 

3. Home training schools: 

Out of 220 Junior Technical schools only 9 ai© 

Homo Training Schools. They provided a 
liberal education with an excellent background 
of home training. 

4. Junior Art Departments: 

This is part of the Art Sohool, These are not 

therefore regarded as junior technical schools 
Tidiere as items 1, 2 and 3 were generally re¬ 
garded as junior technical schools. 


The junior technical schools of various types did exist in Bagland 
and Wales since 1906. They were in contact with industry and oom- 
Merce. Their main success was due to this intimate relationship. 

The difficulty with all the above schools, ras that though they galz^ve 
education from 13 to 16, they did not fit into the frame work of 




- 166 


secondaty education and did not hence enjoy the status of grammar S' 

schools and modem schools* Thou^ some of them wre badj many of 

them provided an all-round education and even paved the mj for higher 

education In technology. Those pupils could obtain national Oertl- 

such of those 

flcate (Higher) by part-time study. At lea st,/institutions and features 
whioh«^re really good, could be preserved and developed. It is these 
polneering Institutions that were later converted by the new Act, into 
the aacondary technical schools. Hence the secondary technical schools 
also like the secondary modem schools,have a tradition behind them,in 
those junior technical schools, 

A Link with Industry and Qommerce; 

The distinguishing feature of the secondary technical school is 
in its relationship with a particular industry or occupation or a group 
of industries and occupations. No doubt, the technical secondary 
education is not narrowly vocational. in fUot, at the age of adolescent 
youth, the education must be to some extent, vocatioral since a good 
general education should prepare for the whole life. Such a general 
education is concerned with the boy or girl i/ftio ha s to live a s an indi¬ 
vidual, and to live and work with others. Preparation for the work 
which he or she should do for the community in th© form of earning a 
living, is bound to enter into any kind of education at the secondary 
stage. 

The secondary technical school is different from other schools in 
its selecting die particular link with the sphere of industry and com¬ 
merce from adult life. Other secondary schools are closely linked 
with life in different other spheres. The secondary technical school 
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caters for a minority of able children are by aptitude inter¬ 
ested In a curriculum coloured with industrial atmosphere and ■vdao 
are attracted by the particular job or profession. Such students 
usually show interest in science and its applications. There is 
suitable provision for the full development of their particular talents 
or special abilities. BUrther, such subjects like Literature, Art, 

Music, History, religious instruction and Physical Education are 
common with the other secondary schools. 

Secondary Technical School no doubt, is not tlie only avenue to 
responsible posts in industry and commerce. Many boys ani girls who 
respond best to grammar and modem school education may ultimately 
follow technological careers. Whatever the type of school it may be 
at the secondary stage, the school should establish appropriate link 
between school and world outside. The pupils will thereby, recognise 
the practical significance of the studies at that stage. Such a link 
is especially valuable to those boys and girls whose dominant interest 
is in a career. If the school work of pupils is baaed on such in- 
terast, it can gptn enormous meaning and purpose. Such a meaning and 
purpose will act as the strongest incentive to draw out the bewt that 
is in them, thus providing opportunity for the full development of the 
personality. It is In this sense that the technical secondary sohooh 
provide a cultural education, even though they include one or the other 
vocational subject in their curriculum. 

New Needs and Opportunities t 

After the act of 1944, though the junior technical schools are 
atm functioning in the same old way, thdr status is difinitely changed 
leaving before them a wide field of development. 5^om being a part 
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of tb.0 provision for q diiCiXtion, thsy ha V 0 h9coins an in'ts'^ral 

part of the secondary education. This has ensured the inclusion of 
an extended pro^'^anmie of scionceu nd other subjects for general educa¬ 
tion. Hence, they can in future, develop into equal partners with' 
the grammar and modern schools. This changed position ha s n© de the 
new secondary technical school quite different from their fore-runners. 

Instead of two-year or three year course from 13 as in junior 
technical school, the secondary technical school admits pupils at 11+ 
and gives a five year education upto 16. Even after that, pupils may 
stay till 18. Good buildings, ample equipment, spacious school gar- 
dents, meals arrangements and many other facilities have also raised 
its status and standard. Thou^ the name is technical there is no 
scope for early professionallaa bion. A preliminary general educa¬ 
tion with the same standard, as in other modern schools, is malntalned.- 
Professlona llsation nay later set in. In science a broad general 
education In the early part of the course will be later followed by, 
specialisation of such aspects of science which my apply to the parti¬ 
cular vocation. Similarly in other courses of studies. Industry 
and commerce in the school are not to dominate but to enrich the edu¬ 
cation of those particular boys and girls, through those aspects by 
which they have influenced human civilisation. 

Science ag.Oore and Inaoirabion; 

Spens Ooimnittee Heport while suggesting that the curriculum of 
the technical schools must be same as that of other secondary schools, 
did suggest that* 

”Por pupils of 13 and onwards the curriculum should be designed, 
to provide a liberal education with science and Its 


applications as the core and inspiration^*. 
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Thou^ I'fc baa given importance to aoienoaj other aubjacts are also 
taught as in other secondary schools. Among the 3Uh3ects taught 
ars Englishj History^ Geography, Mathematics, Science, Engineering, 
Drawing, Practical Grafts in the workshops. Physical Education, 
aesthetic subjects and continuation of foreign language (on^>'for 
those who will be capable of profiting by it). 

Though there la lot of application in the science curriculiara 
of the technical school in the matter of subject titles, there is a 
close approximation with similar aspects of gramnnr school science. 

It is in the method and approach that real difference ^ould exist. 
Such difference no doubt, la difficult to describe by words. A 
detailed teaching syllabus can bring out that difference. Certain 
aspect of soienoa will find application to particular trade or job 
or manufhcture. The teacher naturally should give to those topics 
of science, a different emphasis and a different treatment. He can 
manipulate the syllabus in any ray he pleases, to make pupils tmder“ 
stand how a principle tliat operates in nature can also operate in the 
working of certain machines. His application, adaptation, emphasis 
and treatment need not be hampered by an external examination. Th© 
following time allocation for various subjects is sually made In a 
technical secondary school: 

Out of 27^ teaching hours 


English subjects 

« • • 

6 hours 

Mathematics & Science 

0 e » 

8 hours 

Workshop practice 

• e • 

4^ hours 

Engineering drawing 
including practical 

0 • « 

3 hours 

Physical training 

Aesthetic subjects 

0 0 0 

3 hours 

Pool 

000 

3 houpa 
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iphe above atateTnent clearly demonatrates the Importance that is 
given to aoiaaoe in a technical secondary school. This allocation 
of time waa suggested hy the Spans Comraltteey In 1938, At pre-^ 
sent in actual practice, this is followed to a great extent. Al¬ 
location of time for science In one of the technical schools which 
I visited j V®s as follows; — 

Statement showing the allocation of time for Science in 

-< t 

secondary Technical School at Bristol: 

I Form I 

^ General Science - 2 periods of 40 minutes each, 

II Form K 

III Form Physios, Chemistry and Mechanics - 8 iserioda 

of 40 minutes each. 

IV Pom Physics, Chemistry and Mechanics - 2 single 

periods and 3 double periods or 8 
periods in all. 

It should he home In mind tl^t no secondary school aims at 
teaching any particular trade operration or even several operations 
merely in order that a i^rticular hoy or girl can go straight, from 
achoolaid perform them continuously. Wo doubt, many of the skills 
to which pupils are introduced, will he of great practical value, 
but the skill In themselves are the main objects of the school. 

Though secondary technical course is generally with an industrial 
group, the education It offers must he fairly broadly conceived to 
stimulate and benefit pupils who may not pursue a career within that 
particular group. The selected industry to addition to being 
locally followed, must also have a broad enbugh basis with scientific 
and Ihctual content, which can b© used as a part of a school course. 
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It Is in this way tlB t th© vocationa of a secondary teclinical 
school also give a liberal education. The old technical schools 
were Hffllnly linked with ©nglnaarlng, building or commercial arts, 
j^grlculture and mining algo offar obvious opportunities. Siml~ 
larly, there are other branches of industries as wall as comraeroe, 
home training and the arts lAiich also should be encouraged. 

Scienpe Curriculum in the Secondary Technical ?^chool; 

The science curriculum of the secondary technical school varies 
from school to school in accordance with the nature of the technical 
subject. Every school with the ^me group or groups of industries, 
may have widely differing types of curriculum. We may consider here 
not those varieties but some common aspects of the secondary techni¬ 
cal school science curriculum. 

In fact the curriculum of the junior technical school is main¬ 
tained and improved and broadened to ensure better standard while 
maintaining and covering the old field. 

The science curriculum is so planned that the industrial inter¬ 
est will not dominate but gives a coherence a nd atablliaea the course. 
In modem schools to secure such a coherence and stability, the pro¬ 
ject technique is used to organise the science curriculum. In the 
secondary technical school the industry is the project which holds 
all elements of the curriculum together, but doing so, without dis¬ 
torting them. Thus the curriculum in science relates to the jarti- 
eular trade on the one hand and ensures the coherence of scientific 
culture on the otlsar. 

During the first two years, the secondary technical school 
^ould have the same general science as in other secondary schools 


f 
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Qoni^Inuing tlae W3J?k of primary school and extending and strengthen¬ 
ing those achievements in concept, skill, qualities and application 
useful for ’^i-ks of life. It should include sound practice in 
the use of Instrument a and tools with a sense of precision and accu¬ 
racy. Further, appreciation of quality in material and workimanahip 
should he provided* some simple knowledge of other people In other 
plaoaa and other times will also be Included. An appreciation^ of 
the historical fact as to how they adjusted and controlled their ®ur- 
roundingSs will also form an essential feature of the science curri¬ 
culum. 

The curriculum in the third year will consist of mainly an in¬ 
troduction to commercial, industrial and other applications of basic 
principles of science, in a gradually increasing emphasis on particu¬ 
lar aspects of certain subjects instead of Introducing entirely new 
subjects like mechanics, etc. The teaching of science, significant 

only in relation to some particular industry or commercial operation, 

of lii 

is certainly not justified. All the topics ^course, mentioned in the 
previous pnra ,wlll he carried further in the third year. It is f re- 
qujiently seen tiat the technical schools from the third year, drop 
off biology and include mechanics, physios and chemistry. 

In IV and V year (14 to 16) the bias in the science curriculum 
can be more progressively increased; the work of the scIhjoI may be 
more deliberately related to the main centre of interest. 'Sven then 
this bias may be more in the kind of approach than in the kind of sub- 
joct matter except in matters where technical theory and practice 
are Involved. Attention wHl he paid to retain the essentials of 
the broad general education programme through science though in ths 
last year it riches the stage, ?dien one may call it applied science. 




- 173 


The claims of a secondary technical school for giving a sound 
general education through science must be gauged not merely by the 
standard they achieve in particular directions or trade but also by 
the measure of their success in sustaining the interest of pupils In 
all aspects of science as a subject of general education* 

New Principles to revolutionise Science Curriculum at JKe 

Any sound principles of curriculum making should be based on 
psychological and sociological needs* Naturally, such principles 
should evolve a really useful type of science curriculum* Such a 
curriculum should - 

1, Cater for the special needs of adolescence. It should be 
related to the body and mind of the pupils and Illuminate and 
guide thatr experience. 

2. It should not enlist topics only for their utility when 
pupils go to higher studies. 

3, It should be an all round experience of the material 
universe giving full opportimlty for tlB pursuit of indi¬ 
vidual interests and abilities, 

4. It should stimulate or create the desire to continue some 
form of study after leaving school whether they join the col¬ 
lege or higher studies or leave the school once and for all 
and follow some trade in life. 

If the courses of studies in science satisfy the above conditions 
it may undergo any modification in the l^nda of a skillful teacher, 
But, at every stage, his freedom for altering the topic or the method 
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of approach, should b© govamed by the ihct that he ha s to produce 
a generation of men and women who are sensitive to beauty and truth, 
ready to think and observe carefully, exercise caution in accepting 
evidences and drawing conclusions and above all, prepared to analyse 
the mysteries of nature and apply tteir experience so gained, to Im¬ 
prove the affairs of iTwnklnd. 

The educative value of any science course consists in its suit¬ 
ability and usefulness in providing material for thought, for the 
perception of relations and for the tmtter on which the pupil can 
strengthen his pov/er of reasoning. The value also consists in its 
invitation to the pupil to fonn interests of sentiments about a sub¬ 
ject. It is also true that the value of a subject lies in its build¬ 
ing up of such habits as perseverance, sanity of judgment and intitia- 
tlve and in the building up of a groujpor complexity of habits which 
constitute a skill. No doubt, there values are inherent not in a 
particular subject but in a particular method of studying any subject. 
But, the choice of subject is equally Important and any subject sel¬ 
ected must be worthy of study. It must represent a line of activity, 
intellectual, aesthetic, or practical, which has played an essential 
part in the evolution ofAhuman. spirit. Above all, It must be re¬ 
lated to human life now, and should he one that is likely to be related 
in future. Indeed science as a subject Is pregnant with all these 
special qualities. It develops all those mental abilities which go 
to shape a sound and healthy mental life for a modem society. Its 
method of study has Its intrinsic values for disciplining human 
observation, accuracy, preoission, organisation of facts, recording 
and reasoning. Above all, there is that superb provision in the 
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aettiod and its atudy to hold a number of isolated fhcts in the nut¬ 
shell of a principle, a law ora formula. 

The nature of the study of science as a conscious effort of 
analysing the mysteries of nature,provides a first rank intellectual 
training for the pupils. The applied part of the subject is an 
evidence of its intimacy with human life. Historically speaking, 
like any other subject of study,it z^presents the grand expression of 
human spirit. Added to these, in these days of industrial civilisa¬ 
tion lb is the singular subject that provides that unique technolo¬ 
gical and technical ability for the individial to maintain himself and 
to play his legitimate role in the modem economy of the state. Natu¬ 
rally, such a subject should rightly claim a place In tiie school cur¬ 
riculum at whatever level of Inatiuction it may be, as a subject of 
general or liberal education. 

The English secondary schools enjoy great amount of freedom. 

There is no such a thing as central control. Hence each school is 
free to evolve its courses of studies in science or in any subject, 
in Its own my. No doubt, there is an external examination at the 
end of the course, but the number of pupils who take up the examina¬ 
tion is too small. Generally, grammar schools send up students at the 

end of five years, to the 'General Certificate in Education' examina¬ 
tion. There is another examination after two more years. This is 
the Advanced LqVsI Examination, They can also take up the Scholar¬ 
ship Exa^mination at the end of the secondar*y school. Though a small 
percentage of modem school students do take up this examination, the 
Mjority of them do not take up any examinations at the end of the 
oourae. The students in the secondary technical school usually, take 
'ip the school technical examination at the end of five years or at 
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|,jjg age of 16. This is an Internal exatnlnatlon with certain amount 
df external assessment. They may also take up the G.G.E- examination 
at all levels. This examination is generally conducted by the Univer- 

Boards. In addition to these University Examining Boards, there 
are other Boards of Examination such as ’’The Associated Examining Board”^iJCi. 
ngity and Guild Exf^mlna tlon”, etc. Universities and other Boards set 
tiisir own syllabus for all the subjects, examine and set their own stand¬ 
ards for admission. One may expect that the presence of an examination 
of this sort,at the end of the course will bring about some uniformity 
In the courses of studies. Though this is true to some extent, there 
is a good lot of divorsity from school to school. This is mainly duo 
to the following fhctors; 

1, freedom from central controlj 

2, The variation in the standards set by various 

examining bodies; 

3, The adaptation of the basic syllabus to the needs 

and abilities of the children on the one hand 
and to the particular trade on the other; 

With regard to the other secondary schools,this variation is still 
rarked. This la mainly due to the absence of an external examination 
at the end of the course. It is also due to some extent, to the effort 
on the part of the school^to preacr] 2 ^ 1 bo its own syllabus In accordance 
with the needs of the children, their abilities, age and interests. Thb 
modern and technical schools enjoy greater freedom in this respect. 

Hence it may be stated that the special features of the English secondary 
school science syllabus is in its great variety and diversity. One can 
Poasonably expect that the progress of school science programme will be 
6i'98^tly facilitated by the experimentations that are taking place in the 
saoondary technical and secondary modem schools. It is in the"i\4l<i. 
of these two typos of schools that one can expect, the evolution of some 
•lealrablQ features of the Qeaond&ry education. 
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CHAPTER YIII. 

Science Programma in Prlrory Schools ., 

The acceptance of the responsibility of providing primary educati 
ty the State has helped not merely to improve and widen the scoi^ of 
prluary education but also to Include some of the new elements into 
the school curriculum. One of the most Important developn^nts in the 
field of primary education,during the early part of the first quarter 
of this century,was the provision for teaching of i^ture itudy for 
children, Nature study both as a course and as a technique of teach~ 
ilig,was derived from the object lesson of the earlier generation. 

Object lesson both as a course of study ana as a^teaching,was rather, 
discarded in the first decade of this century to give place for iiature 
^tudy,as its course was cut to approach science more nearly. The 
subject included the study of common phenomena, common animals and 
common plants. The general objectives of that course were » 

1. To Improve children’s power of observation*, 

2. To create an interest in nature, and 

3. To develop the power of expression, 

A review of the objectives of Nature study indicates that it has to 
widen its objectives and subsequently its contents,to make it a science 
course fit for children of the scientific age. The present children 
Are not in the same position as the children of last century. They 
are today, moving in a society on which the ever-increasing impact of 
science has produced n^rvelous changes. The children are affected 
by these changes and naturally they have both a right and a respon¬ 
sibility to know ikhat are those things that are newly introduced and 
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I 

is 

how they haye revolutiomd human life. Further,they also have a right 

to know in what way their own liyes are controlled hy those changes 
and new events. Evidently,they must know, in addition to what Is 
Interesting in Nature, those things that are the results of human en¬ 
deavour. It is human achievement that has heen responsible for placing 
the present day children in a civilisation that was not even dreamt 
of by the earlier generation^. The child of today is certainly sur¬ 
rounded by a host of scientific inventions. His life is continuously 
beir^ influenced by the contributions of science. His interest is 
greatly activated by the womers of science ,that attract his attention. 
Such being the case, science does influence the life of the children 
as much as it does the life of adults, Naturally, it becones evident 
that they will have enough curiosity about a good number of scientific 
achievements. It Is but proper that the adult society should provide 
opportunity for the child to know about these things. 

The primary schools have included in their curriculum,subjects 
like language, arithmetic, social studies etc. Science should have 
as muhh consideration for being Included In the prinmry school our- 
riculum as any other subject mm of study, 

§ l!i^al alm of Science teaching at this level ? 

No doubt^the broad aim of teaching science at the primary 
school level is practically the same as that of teaching it in the 
secondary school. But, for every stage of the child's life,education 
has a particular objective in addition to those broadly accpted 
general objectives. The interests of the child differ?, at hhe 
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differsnt stages oi its lite, Tbose interests must be developed. 

Keeping this in view, the special aims of science teaching at the 
primary school level as held popularly in America^and as expressed 

in a bulletin by the Bureau of Education of the Federal Security 

i 

Igency^etn^indicated below; 

1, To provide experiences as a means of forming science 

principles and generalisations; 

IKy.s'n l-y 

2, To help^those principles and generalisations to 

interpret things that happen around them; 

3, To give practice in the use of scientific attitudes 

and skills in problem-solving iw%dL 

4, To broaden tiBir interest in the everyday phenomena 

of their environment, 

Croxton in Ms bulletin on the objectives of Elementary Education^ 
states that the general aim of science teaching should also be rea¬ 
lised at the elementary level^" 

The fortye-lxth Year Book of the National Society for the Study 
of Education (N.S,S,E) has given an elaborate list of the functional 
objectives of science teaching at the primary school. They are 

'X 

summarised below; 

A, Functional ini'ormation about our universe, living things 

and human body; 

B, Functional concepts such as the vastness of the garth, 

the age of the Sarth, the evolution of life from 
simpler forms and the electrical nature of all 
matter; 

C, Functional understanding of principles such as repro¬ 

duction In animals and change of form of energy; 



Ir 
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D, InstruMntal skills such as altillty to read 
imderstand ^-with satisfaction ar^ to pei 
simple manipulatory activities with scj 
equipment 5 

Prohlera solving skills such as the ability 1 
a problem» make the best tentative expl 
or hypothesis and to test the hypothes: 
experimental and other means> 

F, Attitudes such as open-minded ness and williJ 

to consider new facts, Intellec 

honesty and scientific integrity; 

G, Appreciations such as the contributions of s 

tists, the basic cause and effect re la 

H, Interests in scientific recreations and hob! 

and in the scientific vocations* 


The above list certainly, applies equally to the teaching o. 
at any other level. One may feel that it is too ambltlou 
elementary child, but it should be remembered that those o 
are to be particularly, realised in each of the stages of 
growth to the extent of its intellectual maturity, emotion 
ment and manupulatory ability. Hence it clearly means th 
general ob^ectlves^should "be developed at every stage but 
on expanding and extending as the child goes from grade to 
With regard to some of the concepts and pr inciples ,tri:©, it 
much for the elementary child to master. But we must rem 
the rigour of method should form the end-point of science 
and not its entrance gate. Further, the concepts and pr3 
should be studied by the child not in their formal nature 
functional aspect. Thus, it becomes clear that even tfeoug 
Ing words and far-reaching alms are used in the ob^^cti-ves 
merely the end-points and not the entrance-gate, It alsc 
that the child should achieve in every one of those fields 
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ofcjectiveSj In harmony with its nental, emotioiial and motar devslopipent. 

The above list of ob;Jectlve3 of science teaching for American 
Elementary schools^seerar to be very ambitious to an English Science 
teacher. He would prefer to make a more workable aiKi less ambitious 
statement of aim. The wonfier and remance of science with their strong 
appeal to the natural interest of the children^will create in them a 
natural desire to know things arouni them? It will help the children 
to observe carefully and dispassionately,to formulate one’s observations 
in words or other ways and to make proper inferences from what has 
been observed. As expressed by the Board of Education,the child 
after all.cani^ progress In the abstract regions of scientific thought 

' A 

lor can it achieve anything in the more technical applications of 
scientific method. But the primary school child certainly,can follow 
what is involved in careful investigation and systematic relation of 
facts to principles and principles to facts,if ho is acquainted with 
some examples of great pioneers of science who have attacked and 
solved problems. No doubt the child is not going to be trained as 
a scientist for matured investigation; he is to be trained to inves¬ 
tigate his own problems in the world that surrounds him. It is 
essential on the one hand,to satisfy his natural urge and to provide 

a scope for the expression and development of his interest &fir-%he--ane^ 

0 ^ <yt\ oIWy, 

haM and to assist him in the un:>folding^hls personality, 

iHfesw?'/ Though he is unable to understand the formal aspect aB s micg i ta 

of scientific concepts, principles and formulae,he certainly can be 

made to realise the role,science is playing in the modern life. He 

Can also learn how to deal with some of the everjr day problems or 

applications and develop some healthy and desirable habits. The 
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English teacher who is keenly coraraon-sens© minded and attenl^to 
practical possibilities in his theoretical treatnent,wants to achieve 
the above objects by the teaching of the old Ifetury study, while the 
American science teacher would rather^ stress on human achievement* 

But, both believe in the fact that the aim of teaching science at 
this level must be ,to make pupils^ experience in the school life more 
significant and richer. Therefore^it becomes dear that the present 
trend is to provide experience through various activities which will 
help the children to adjust to the surrounding environment physically, 
naturally, emotionally and intellectually. ks the adjustment process 
is proceeding,the children will be enabled not merely for adjusting 
with the environment but also to control it'. 

Hence,It becomas clear that the aim of teaching science In the 

primary school should develop out of the activities they experience 

in daily-life. This experience and the subsequent activities will 

enlarge as the interests of children grow, Natui’ally we have to 

provide adequate activities to quicken and keep alive the spirit of 

wonder and inquiry. This is to be done through the provision for 

observing plants and animals to gain first hand information on the 
^ IKt 

one harKiiand for observing the wonders of hun^n achievement^ The 
work of observation should be followed by suitable activities through 
which they can develop their expressional art and the practical ways 
of meeting with situations and manupalatlng them as per their desire, 
A special tasii of the teacher at this stage,will be to satisfy the 
growing desire on the part of the children to construct. This can 
be met by giving practical work to do in connection with their first 
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hand o'bservatlon of plants, animals,natural phenon^na anu a huge 
nuinher of things at wrlCj^her© human achievement is expressed. Th©^® 
activities will lead children to exploration and to interpretation. 

In fact the normal activities of children are to explore and to 
interpret. When we thinip of teaching science through such norn^l 
activities and normal ways of living we are )s.ight, hecause their 
normal dynamic drives and potentialities are used most profitably 
on the one hand and nurtured on the other. 

The contents for elementary science i 

The nature of the contents for any grade of instruction in 
any subject,depends largely on the aim of teaching that subject to 
the pupils of that particular age group. The aim of teaching science 
for primary school children is diff^-isfly conclved in different 
countries. In Amerlcajit Is widely believed that the ultimate goal 

A 

of teaching science should be the development of scientific mBthod,5«‘^f't 
out look, attitude ana informations in the minds of the pupils. In 
Englana,it is believed .that the teaching of science should recognise 
the natural curiosity of children in the things ana happelivings of the 
environment and try to establish the need for satisfying the child’s 
curiosity as the prinffi-ry aim. Though these two types of aims look 
different from on© another,they are practically the two poles of the 
same objective. In this connection,we have to take into consideration 
the potential role that the subject of science plays in the society. 

So,a comprehensive aim of teaching science should take into account 
the verdict of the above three factors. As stated in the earlier 
chapters, India is fast progressii^ towards an industrial civilisation 






tased on the application of science to the art of production. Our 
children will have to live in ana contirlhu'ce for the progress of such 
a society. For tliat purpose the individuals shoula possess certain 
habits, attitudes and outlooks. They should also equip themselves 
with certain informations, appreciations and skills. Such an 
accomplisVddi can be tern^d a scientific culture. The personal 
trails that go to form that culture are believed to be the followini^s- 

1, Critical mindedness^ 

ki. Ability to distinguish between facts and friction; 

3. Ability to seeK reliable informations; 

4. Scientific planning and execution witn meanin.; 

6. Acquisition of scientific information; 

6, Ability to make use of the knowledge of science 

in every day lire; 

7, Understanding how science helps us in our 

individual and social lifecov^ct. 

8* A realistic appreciation of the role of science 
in human affair's. 

If the above list were to snape the particular aim of science 
teaching in Iixilan primary schools,to enable them to fit into a society 
of the future^we must not neglect the present curiositj' of the pupils 
about me things and happenings around them. Our aim therefore,should 
be primarily to enable the children to live a richer liie at present 
and to prepare themselves for the dyr^mic changing civilisation of 
the future. Naturally,the contents of the primary school science 
course thould include those activities that satisfy their curiosity 
about things and happenTings in the environment on the one hand,and 
to provifie opportunity to prepare themselves to participate in the 
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society of a dynamic nature,on the other, No doubt,the world In 
which ttey live is full of things and happeridings that stimulate 
their curiosity. They may be natural or the result of human endea» 
vour. The children must have opportunity to engage themselves in 
activities for which they are prompted by the urging interests. 

This will also assure them the first hard experi,6nce abaut many things 
and happenings. It will also enrich their mind with the raw materials 
that go to form the contents of science. The curriculum should 
make provision for the children to solve the challenging problems 
hy their own effort. This will ensure the development of desirable 
social attitudes ana behaviour. 

Need for integrating different types of experiences; 


The nmkers of curriculum for primary school children^will 

have to bear in mind that the curriculum should provide activities in 

such a way as to ensure continuity of experiences,and^to learn^^Cb©®Pfe 

som aspects of the active environment. The children must be made 

if\<± 

to realise that -:»W8»t alibis taught as science, belongs to one subject, 

the essential bond of unity being in the similarity of the techlnque 

underlying whatever experience it may be; then only will it be possible 

to develop from the early age in the mind of the pupils, the following 

aspects that go to form the spirit of the subject? 

1, That science embra^ces the objective study of the 
entire material universe; 


2, That science is exhibited in the natural operations 

as one subject^ 

3, That it is conceived by our mind as one subject; 


4 • 
6 . 


That it Influences human society as one subject, and 

That all topics that are studied are 

one of them has helped the progress of the other In 
the course of Its development. 
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Such a course of integrated science curriculum draws experiences 
from all l»ranches oi‘ science and organises them In such a way that 
they are all reunited aroum the children's immediate needs and ln-» 
tereststo provide a wholesom^and integrated exj^rience. Whether it 
is the solution of a felt problem or an attempt on the part of the 
child to satisfy the uKj^Pof son^ curlasity or an eagerness to explain 
or interpret a thing or a happening with in the orbit of its environ- 
mentja variety or experleiKes will have to be provided* The curri¬ 
culum must be so limited and so integrated,as to permit the utilisation 
of materials or experiences from any branch of science. It is on 
such a broadj wholesocK and Integrated and general foundation that 
the science education of children should be started. 

Selection and organisation of materials of Instruction s 

The community is a big reservoir of resources from which the 
teacher can draw a good lot of imterialsfor his instructional work. 

A knowledge of the various community resources and an identification 
of himself with those resources will enable him to make his instruc¬ 
tion more meaningful and functional. Whatever may be the principle 
on which the curriculum is organised,a knowledge of the nature of 
the community and its resources will help him to rearrange the same 
into a working syllabus. While doing so,it is a simple thing to 
organise the contents of the syllabus round about those resources. 
Keeping the above principles ,J^e may try to e^volve a sample selection 

and organisation of the Instructional materia is or the sources of 

b 

experiences to primary school children^in science; 



Jl 
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The Soil-factors that mal-e soil-soil aixi man’s 
■wealth-soil erosilXnand effect on community 
lii'e-soil,the basic needs for life-grass-lanti 
and human interest. 

2, The Forest - its benefits to mankinl - Forest 

erosion and need for conservation - Forest 
and animal life, 

3, Water as a natural resource - Its importance 

to man,animals and plants. How to get it - 
water and health-pollution of water a social 
sin-storage for supply - Rivers and Seas - 
Rain and clouds. 

4.Industry as a human resources Local industries - 
Raw materials-energy used - what benefits 
have they brought^- what is their effect on 
living standards The welfare of the workers. 


Similarly,a good number of resources both natural and human, 
can be selected to organise the experience. From the foregoing, 
it is evident that the curricuiainwhen so organised,looks more 
homely and functional than formal and academic. 

Another way of organising the expereicnes is to relate them 

to children’s natural interests. There,the centres of interests 

7 

may take the followii^ forms- 

1, Food we eat; 

2, Water we drink; 

3, Air we breathe) 

4, Our shelter) 

5, The pets we keep) 

6, The plants we grow; 

7, The machines we use; 

8, The heavens around us. etc., etc. 
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Facility for Experiiaeatatlon g 

However we inay organiae the curriculum^we must renember that 
gcieU'.'® should, be taught through first hand experiences® Though a 
good lot 01 exf^rlence is available to children in the various com- 
fliunity resour^eSj it is essential to provide some sort of experience 
with in the campus of the school® It means that the curriculum 
should pr&vide for children* s own experlMSi^atlons for getting edu- 
cation through their own first hand experience. Naturally,it leads 
us to the problem of organising labo)dratorles for primary schools'. 

The teachers and educators who are Interested in the 
extension and promotion of science education to elementary schools 
will usually get disappointed when they face the problem of ©quipping 
a laboratory for every school. Wo doubt^they are right in oi» way. 
There are millions of primary schools in India, If even the minimum 
maintenance oi laboratory grant Is to be sanctioned^the total edU" 
catlonal budget will swell by ©rores. Further,^Initial lumpsum amount 
to be invested over the organisation of the primary school labora¬ 
tories will be so high that ©very politician will do his best to 
banish science education from primary stage ana rather think of 
teaching some humanities like Ramayana, Bharatha, Shivapurana etc. 

Our leaders must realise that the economic strength of a country and 
subsequently, the^ leadership in the world politics, are fundamentally 
<ieptadent upon the type of laboratory equipment that is providedLin 
schools and colleges. Hence the should consider that It is 

as important, If not more,to provide good laboratory facilities to 
schools as they do with other constructive programmes for the welfare 
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of the people* The amount spent over that Item,will be doubly 
pepald in various lorms» We are spending huge amounts over temples g 
masctuQs, monuments and memorials. Spending the public funds over 
school laboratories will be better justified and better rewarded. It 
is with this view of realism that we have to face any problem connected 
with the welfare of the nation. 

Every country whether democrittic or totalitarian,is trying 
to extend primary education to every child of the state. This expan¬ 
sion Is intimately connected with the extension of educational pro¬ 
visions in the form of building facilities, equipment, staff and 
various services to ensui-e the physical weE-belng of the children. 
Meanwhile,the modern tendency in education is to blend the good 
features of the earlier three periods in the history of education. 

The psychological, the scientific and the sociological tendencies 
hate-contributed to shape the teaching method, the curriculum and the 
relation between education and life respectively. Of the above 
three periods the scientific a^e emphasised that the knowledge worth 
having is science,where as the sociolc^ical conception of educaiimn, 
keeping in view the greatest happiness of the greatest number,stressed 
the need for providing for scientific and technical education. The 
realisation of the ideas of the scientific concept of education In 
the practical field was much delayed, Atleast,now,the whole wor3d 
has realised that inclusion of general science in primary stage is 
as Important as compulsory education. Those educationists and 
leaders wh& are not prepared to spend public funds for 'Htess education, 
certainly will not even think of equiping primary school laboratory. 
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0 e<jWse^equlping primry school science laboratory will be a single 
big item in the iiation’s budget, be cause of the huge number of schools 
we have to proviae for. 

This shall In no way discourage our determination to introduce 
science in the existing primary schools. There is no need to equip 
our primary school science laboratories in the same elaborate way as 
we do for secondary schools. The major part of equipment used in 
teaching science at the primary school^ought to come from the child’s 
own environment, Most of the exj^riments suggested in the curriculum; 
can be performed with apparatus and equipment obtained from the home, 
the school-room or the local stores. There are however,a few experi¬ 
ments for which equipments may not be so easily obtained. Certain 
amount of laboratory grant is to be sanctioned by the state to each 
primary school. No doubt ,this sanction will be a huge increase In 
our educational budget. Yet we have to incur. 'When a country is 
prepared to spend so much during war time,why not we increase our 
expenditure,particularly in peace time^for this constructive and posi¬ 
tively nationifebuildlng activity? 

Te|.ehniaue of Teaching i 

The teaching technique is largely determined by the psychology 
on the one hairi and the objective of teaching that particular topic, 
on the other. Psychology basing its verdict on the pupils*age, 
interest, ability and aptitude, may indicate a number of attractive 
techniques for an effective instructional procedure. But,the teacher 

will have to select that technique oht of the many, which will be 
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useful to hizn to reach the aesired goals in the shortest possible 
tlraejand at the sata© ^assuring the best of Instructional outCcome, 

Hence, the teacher cannot simply follow the method dictated by psychology 

tg 

The teacher will have^use his discretion while selecting a technique 
for teaching certain topic of certain subject for a certain class of 
pupils. The broad inaications that are furnished by psychology to 
shape our teaching technique,are to be considered as the scientific 
aspect of education. The teachers' discretion in making use of these 
hroad hints of the technique towards the effective realisation of the 
dlsired goal,is the work of adaptation on part.of-tfe© -fcern^har, 

This forms the artistic aspect of education. Hence,it becomes clear 
that every good technique of teaching must be based on the sound prin¬ 
ciples of psychology. The reliability of a technique depends largely 
upon the extent to which It is based on one or the other laws of learn¬ 
ing, This reliability is further,to be affirmed by its flexibility 
for adaptation to teach the particular aspect of the subject. &bo\jtii 
all, tn the modern educational institutions time being an important 

me 

item to pay attention) the^»Tjbi'®©t>' must be economic fiin bringing about 
the desired @ffect. No doubt,there are a number of techniques 
for teaching science as indicated in the earlier chapters. Every on® 
of them has been evolved with due regard to the principles of psycho¬ 
logy and the laws of learning. Yet none of them can be blindly used 

for teaching all aspects for all grades of institutions. Every 
technique has some merit that makes it fit to be used for teaching 

certain topics of the subject for certain age group of pupils. But 

aSho uAc«t j. X. 

that particular technique may to teach other aspects ,for 

other grades^ That is why the science teachers frequently express 
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the Idea, that no single method can claim an absolute superiority 
over the other for teaching science. Each method has certain Barits 
and is suited to be employed at certain stage of ir^truction for beia.cHinJ’ 
certain topics of the subject. The teacher iA»ill have to assess each 
of those techniques in terms of its being flexible in his hands. The 
most flexible and reliable technique has the best of application in 
the teaching field. 

While considering the suitability of teaching techniques,we have 
to remember two important facts 5 nansly, that the technique should. 

■nccdU 

contribute for satisfying the felt^minds of the pupils on the oiie 
hand and to develop their personality, both individual and social,on 
the other. Keeping these factors in view we have to select suitable 
techniques for teaching science for the primary school children. 

Children when they come to the school,Mulii will be subjected 

to the exciting Influences of a number of things and happenings In 

their surroundings, Naturally,they will bo curious to know a good 

number of things. This curiosity is due to the natftire interests of 

0.4 

the children and as such possess^plenty of energy to secure adequate 
motivation for learning. The teacher will have to make use of their 
natural Interests and the underlying energy for instructional purpose. 
The first thing that ©ccurs in the mind: of the childi^e®i^will be the 
question "what is it?", After observation the child will be able to 
know some thing about it. This prompts the child and sets up another 

question "How Is it sn This reqiies certain car.efdl effort to 

solve. If once this aspect is solved,the child will be able to solve 
a number of related but distinct problems. This acquaintance guide^ 
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the pupils to a new but broader and abstract world of curiasity. 

:^faces the question "why is It sol". The realisation of the answer 
for the last question requires the use of theM previous experience „ 

If the earlier questions 

were to supply facts the third question will develop concepts in the 
minds of the children. 

Facts and concepts are the two important aspects of the subject 
of science. If we were to teach science we may reel satisfied with 
the realisation of those outcomes. But we have to teach the child. 

The facts and concepts are not the end in themselves but only B^ans 
to an end, the end being the development of thy whole personality of 
the child. Our teaching of science should result in the development 
of certain desirable attitudes and outlooks on the part of the child; 
the facts and concepts taught, should go do develop in the of the 

pupil',an intellectual understanding ana interpretation of the material 
universe; they should also stimulate in the child the development of 
certain desirable habits and behaviours; aboWG all,the instruction 
should result in 'the improvement of the life of the pupil. In addi¬ 
tion, the teaching of science should provide an insight into the prob¬ 
lem of the consciohs control of nature in the interest of mankind. If 
these objectives are to be realised the facts and concepts should not 
go to be stored merely in the mind but should participate in the de¬ 
velopment of the personality of the child, Katurally the hhlld in 
addition to the above questionjWill cherish a fourth question,namely, 
"what does it say to me/'’Hence any technique suited for teaching science 
for the primary school c hlldrefl,should take Into account the above four 
questions that the child naturally faces in order of sequence. 
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Th© above cLuestions and the order of their arising have been 
observed even by the teachers of the ancient world. The realisation 
of the above fact prompted Pestalozzi to invent his object lesson 
technique, Butjhis technique when applied to the teaching of different 
subjects like geographyj natureHistory etc., degenerated into an 
ineffective routine method. But it gave place to another technique 
namely the Nature Study technique in the closing decades of the last 
century. Here a definite effort was made to evolve a technique suited 
to teach science. This technique was based on the pupils' interest 
in nature. Observation of things and happenings in nature followed 
by the scope for the expresslonal art as followup work,was the essence 
of the Nature Study technique. This technique was probably adequate 
for the teaching of fixture ^tudy. Today, hlature ^tudy is decidedly 
inadequate am it is gradually giving place for a functional general 
science course. This necessitated the improvisation of the old ob¬ 
servation technique. In the new technique observation does appear as 
a distinct step. But it is subjected to control and thus becomes 
experimentation in general science. The child mantp&lates am studies 
the th^ng or the happening or the situation and thus gets acquainted 
with those |^0nomem,not merely as they are,but also as they ware and 
as they will be. This also helps the child to observe and record's^ 
facts. These facts are not end in themselves as in the case of the 
old observation technique,but they era merely means for further pros¬ 
pects, The child reflects over those facts and their relation until 
it can come to some sort of generalisation. Thus the child proceeds 

from facts to concepts and principles, A further step becomes in¬ 
evitable, The child wants to realise hew those concepts are affecting 
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or likely to affect its own life* Hence such a technique practically 
approves the inductive-deductive way of teaching. The main steps 
being 5 

1, The situation (problem) J 

2, The exploration (experimenting & observing)^ 

3, Generalisation,and 

4, Application, 

The above steps of the new ijethod approach roughly to the steps of 
the scientific methodology which is the method of discovery. To 
the child every aspect of this universe, of this nature, of this 
society,, of its family and of Itself^ is a wonder. This wonder is 
to be investigated into. For that purpose the best suited technique 
is one which follows the steps of the method of discovery or invention. 
No doubt, it should also be flexible. That is nothing but scientific 
technique or the Inductive-deductive method. 

From the foregoing It becomes clear that any method for the 
teaching of science,should be on the inductive lines with a scope for 
deductive approach. To retain some of the good principles of the 
observation technique^we provide 

for a follow-up work in the form of describing, drawing or modelling. 
This adds to the effectiveness of the technique as it ensures the de- 
velopnent of expressional art in the child. 

Problem Solving Faclllty s 

Ability to solve a problem that may fafce the individual,Is 
one df the desirable jzfoutcomes of science teaching. Any method of 
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te&chlJ3g sci©nc6 should "tak© "this into account and mafe© adequate pro™ 
vision within the teaching technique^for bringing situations which 
will train the pupil in this particular ability and skill. No doubt, 
man is facing problems and tryii^ to solve them from the very early 
days. But it tas not considered by early thinkers that it shall be 
an outcome of education, A suitable technique of training the pupil^ 
in facing, tackling and solving the problem was not evolved. This 
is a new In the educational practicejand in this particular 

aspecAas been reorganised only in the modern days. Evidently, this 
is because of the fact that the modern society is one of countless 
eomplezities. One has to face problems at every step and the ability 
to face^problems as-iffe-H-as thos-e of--takling—and solving them^^ should 
te considered as an essential requisite In every individual. 

Science as a school subdoct,is imminently suited to train the 

A 

children in the aforesaid abilities and skill. Though the training 
given in this field will not be transferable to any other field in 
life ordinarily, the method of solving when taught to the children, 
will ensure some amount of that transfer. 

The ordinary method of telling may, to some extent, impart 
some facts and concepts. The method has to realise other goals like 
functional efficiency, desirable attitudes and appreciations, social 
sensitiveness and ability and skill in problem solving. The subject 
matter is no doubt,a means in realising the above goals, 

Ihile teaching the subject natter the method should be so 
adjusted as to provide scope for thinking. This activity of the 
pupils is the basis for developing the ability and skill in problem 
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solving. Every science teacher should know the steps of scientific 
thinking. The first step is the facing of a p 0 ^|>lexlng situation. 

This is something like a cross-road situation. The pupil will have 
to think before moving in one road or the other. He has to think 
before taking a decision. He has to define the problem. This is 
the secoM. step. Then,he has to collect the data relavsint to the 
problem. This is the third step. In the fourth step he will set the 
hypothesis and test the same In the last step. In an inductive process 
there is scope for all these steps except the last. To make the 
thought process complete^ the last step namely, testing, verification 
or application stage will also be essential. 

^an inductive-deductive technique. A more elaborate procedure of 
the scientific or the problem solving technique is given be lows- 

a. Facing a problem; 

b. Delimiting the problem; 

c. Devising an experiment; 

d. Collecting and or|anising the data; 

wyn Vk 

e. Propose an explamtion or formulate a hypothesis; 

f. Testing the hypothesis or explanation; 

g. Discovering the basic truth 

h. Application of the principle or concept to 

specific cases. 

While teaching science particularly for children,this problem 
solving technique which is inductive In approach^is really the easiest 
asthod for them to learn. At the same time,they are placed in a 
problematic situation and try to find out for themselves. While doing 
so they may or may not pass through all the above steps. But,they 
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have to proceed in the saro order, If not,they will J'lmp 

conclusions or arrive at baseless Interpretations or wrong 
explanations. The teacher while teaching the topic oi science 
has to guide the pupils to think and reason out on the above lines 
%Q that they may get into the habit oI problem solving. The inductive 
approach to the topic has plenty of potentialities to develop in 
the children particularly,their ability and skill of problem solving. 

That is why the particular line of procedure is recomn^nded as a 
suitable technique for teaching science in the primary schools. 

No doubt,thern Inauctive technique is time consumij:^. The pupils 
vill have to start from the raw data to unierstand the truth or to 
solve the problem. If the ready--made solution is given by th© 
teacher or told from the textbook a good lot of time may be saved. 

By that technique the pupils may however, solve their problems. The 
teacher may be able to impart the facts and principles. But the 
more desirable outcomes of science are lost. Moreover,no school 
need worry about any public examination at that stage and hence it 
is worthwhile spending some more time over the same topic. The child¬ 
ren really like that way of learning. Because^it provides them with 
plenty of creative experiences and keeps them active. They will show 
great Interest ^because of the strong purpose behind it. They learn 
the truth as the early discoverar did,and feel that ttiey have also 
done a piece of new work or research. The setting up oi such an 
affect at the etid of the learning,is^3ound principle of teaching nethod, 

Hse of teaching aids t 


Science is a subject that is to be taught with the help of 
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jjaterlals or situations that can be percleved by our sense organs. 

They are the basic things to start with. The teacher will have to 
use apparatus and appliances to experlmentj demonstrate specimers> 
write diagrams and display various types of pictures and graphs. 

These are intendid to make the pupils understand better. But some 
times it looks as li' these aids themselves are important. it should 
he remembered that after all,they are mere aids and should hot becou® 
more important than the topic. Excessive use of visual aids are 
said to produce harmful effects in the long run. They come in the 
way of developing the thinking ability of children. Instead of 
teaching concepts,and principles and even facts^as abstract 

things,aids of various types may be employed to make the lesson more 
concrete. 

In our primary schools the teacher will have to use his own 
aids to a great extent. The advantages of such home-ted© apparatus 
are evident. They can be easily prepared at a low cost. The pupils 
show greater interest in learning because of the familiarity of th© 
apparatus. They may^try to prepare similar things and thus 
improve their mechanical skill and^a^l^spect for n^-nual labour. It 
gives scope for the improvement of their expresslonal ability too. 

Other visual aids like the specimens preserved,©® dried,or 
stuffed, can be collected ana used as aids. The teacher can prepare 
his own models and use them in the place of actual specimens. Ordinary 
models may be of great us© to teach topics connected with biological 
science. Working models are better to teach topics of physics and 
astronomy. Charts and diagrams will also be of great valt^j while 



200 = 


teaching topics involving comparable quantities or qualities^pictorial 
graphs may be oi particular use. 

Children of the primary school do show interest in studying 

OiJlol 

topics in social setting, FiIms^ film-strips either connected directly 
with the topics or connected indirectly with the topics can be used 
as aids to teach. But it will be very difficult for the rural 
children to have this opportunity. Films and film projectors can 
not be purchased by all schools. Even to supply them from central 
or state store will be very difficult. But it is possible to fix up 
a day for each school in a week and provide apparatus. This arrange¬ 
ment is possible if a 'central scheme' for each group of villages Is 
organised. Even that may not be possible in the near future,because 
of the huge financial implications, The national ex^nsion services 
can however help the schools in their jurisdiction,tD some extent. 


Sdb® of the biological specimens can be demonstrated better 

CVw OV 

under microscope. Pupils will really enjoy to see amocbor^a uglena 
moving or dividing. They will have opportunity for observing about 
micrcj4nlmaIs and plants about which t^ey hear so much. Even the 
structural details may also be demonstrated on a larger scale which 
helps learning. But,it is very difficult to provide a microscope to 
^11 prlnsary schools. Even in England a good number of junior schools 
do not possess this equipment. However^our primary schools can be 
provided with magnifying lenses, field lenses or tripple lenses. The 
teacher can make use of them to demonstrate some minute specioens 
or structures on an enlarged scale. 
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The Bull etin Board ; 


The chilctren can. he trained to collect science news that 
appears in the news papers, magazines and other periodicals. They 
may be encouraged to collect informations from scientific papers 
and magazines and to write it in the form of a science “news letter® 
and post it on the notice board for the benefit of others. The children 
may be entrusted with this work in turn. This will help them in 
three wayss~ 

1, They develop an interest in the progress of science. 

2, They come to know how science is related to life and 

3, They neve lop their express ioml ability. 

This can be insisted in every primary school, particularly in the 
upper classes. 

Vocabulary Loard In Science teaching ; 


As in other subjects science also has a good number of words 
vhlch are difficult for the pupils to understand. Some of them are 
ordinary difficult words and others are teachnlcal or scientific 
terms. While teaching .these words will have to be used. Becent 
Studies have indicated that careless use of words^.;^trf<b<MS*t of in¬ 
struction, Gerald S, Craig in his study, in 1927, on 'certain 
techniques used in developing a course of science for the Horace 


Mann Elementary school',has clearly felt that there Is need for using 
difficult and technical words in due regard to -their age and their 
vocabulary. fci.R.Powers in 1925 - 26 ,conducted a study 'on the voca¬ 
bulary of high school science textbooks'. Further,on the experience 
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gaiiied in thy first study Powers constructed a list of technical or 
scientific terms,suited to the high school pupils. Pressey Luella 
Cole in 1924,conuacted another study on the technical vocabulary or 
school subjects, I'he above studies hax^e Indicated that a suitable 
vocabulary is to be determined in science for the elementary schools 
•Most Of tbe^studies are devoted to the determination of lists of 
scientific and technical vocabulary for high school children. The 
results of the above studies make io clear that the problem of deter■» 
mining the technical l^ocabulary 2 ^ for the primary stage is all the 
tnora important. 

In India we are just now making efforts to introduce science 
in the primary school. The,medium of instruction differs from state 
to state. Each state will have to prepare a list of such scientific 
words for use. The textbooks must be carefully prepared so that the 
teachers may have some guidance in the art of using suitable words. 
The writers must themselves know the vocabulary of primary school 
children. Then only it is possible to prepare textbooks in science 
with due regard to the proper use of suitable words. 

Experiments in this field are to be conducted in every state 
and suitable word-lists are to be prepared in each of the regional 
languages. If books are piiepared nuking use of the words from the 
scientifically prepared list,such books may "tb-e teachers in the 
field as real guides^in this particular aspect of science teaching. 


Some Special feature In science programme ! 

No doubt,the science course should be based on children's 
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shoulci also have cherence of thought, It is 
possible bo organise the subject around some topics of interest or 
utility. This gives scope for organising a continuous programme of 
activities in addition to lecture-demonstrations and practical work. 

Even if the prescribed syllabus Is in the systematic or logical ordir, 
the teacher can cull out related topics from all the branches and 
prepare his working syllabus. It is then,possible to make the pupils 
feel that they are studying one subject. This attitude will toe 

CX t'l' 

strengthened if the same teacher teaches^aspects of the subject. The 
following may be recognised as the important features of such an 
integrated science programme in schools i 

1, There may be talks on science topics»but they shoulci be 
usually illustrated talks. Pupils' interest is aroused in the wider 
aspect of science through such programmes. 

2, Demonstration lessons are generally the most popular item 
of science instruction. In fact it is particularly useful to develop 
the topic. At the same time it solves the problem of giving as many 
sets of appratus to the class as there are pupils. While the teacher 

turt‘TV! 

Is aemonstrating the experiments the pupils will ^observe and learn 
B&4-»ereiy the handling of the apparatus but also experience a class 
room voyage oi intellectual adventure. They are not to remain passive 
llstejfners. They dio observe, infer and reach some conclusion. They 
may ask the teacher about some doubts and difficulties anl may be 
even asked by the teacher to answer some question or to assist his 
demonstratiola table or to take down some diagram. Hence yt\B class 
will be active. 
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3. Teacher's talks and demonstrations usuallv 

A create desirei in 

the ralMs of the children to do son® experiments 

• the upper classes 

schools w organise some laboratory ^ork to the 

Pdplis addition 

to the lecture demonstration. The topics selected «> 

^ ■^or pupils 

practical treatment must be very simple. A good 

dumber of schools 

may not have sufficient sets of apparatus. They can 0 ^ 4 . 

set different 

experiments to difforenL children, 

4, The children take down some notes in the 

v^xass. They n^y 

also record some aspects of the experiments they conduct The teacher 

should see that they develop the proper habits of ^ 

down notes 

and recording the work done. This can be done from +-u 

*«in rue early stages 

by regular/*^ supervisia^gi. General instructions to 

^he class may be 

issued on what lines the same is to be written. Thoiv. 

■^uoir class notes 

and records may be corrected bj^the teacher 

r^Td^lng indicating the way of taking notes This 

should be rigorously attended to at the primary school stage so that 

the pupils will have good grounding in tiotes-taklng ana recording 

Some times, the teacher may even dictate some notes if . 

' the same is 

difficult, 


6 . The Soglish science teaoher^at the prlmry school. frequently 
convert; their class into a discussion room, The children show 
great interest in getting their problems discussed in ^he class Thts 
techinque can be followed in our schools also, 

6 , In England,home work will not be given to children The 
parents do not llto it. They do not like that their children should 
engage themselves with the books through out the day and night But 
they do encourage their children In various activities. The science 
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teachers would, like to mke use ol' those opportmities and encourage 

various outdoor and indoor activities. Kngllsh children can huy 

good books in the market, on 'How to do little things’for themselves'. 

In the local markets they can get imterials required for tUeiVprO" 

jects. The parents assist them in their effort. The children 

show interest in observing the sky, honB - garde ning j keeping i^ts like, 
t" 

cats, dogs, rablts, etc. In the rural side they may be interested 
in bee “keeping, poultry ^fWming am agriculture. Schools in addition 
to encouraging those activities,will start science guilds and 
science societies where pupils will give talks on. their projects. 

This provision acts as an additional stimulus to the pupils for 
outdoor activities. 

The above programme of science teaching is certainly suited 
to our schools. ¥e have to give a rural bias to the same in the rural 
schools. In England and Scotland rural science is«.special subject^', 
to be studied by the teachers in the training colleges, 

Conclusioni 

Primary Educatioh In India is in a rapid process of expansion. 
Along with the task of extending educational facilities, efforts are 
being made to improve the quality of education. This is to be 

(v 

effected by revising the contents, equiping the schools and training 
the teachers. While revising the consent side,the new trend of 
integrating^ re la ted tranche s^rr subjects and^providlng opportunity to 
the primary school children to study science must be bornBln ^^)M(inind* 

A particular aspect of organising the science instruction Is to get 




•" 206 “■ 


suitable reading materials for children. Children literature in 
the regional languages is not encouraging. Those that are devoted 
for science topics are rare. State and central, effort is 
essential to encourage the production of suitable reading material 
in science for primary school children. 

Science programme is a nev intavation into our educational 
field. At the primary stage ve have also felt the problem oi 
preparing suitable text books in science. In England ana other 
continental countries as well as in Americana good number of textbooks 
written for children of the primary school in science are available. 

The selection of topic, the organisation of matter, the way of 
approac)^, the Illustrations, problems and activities set and the get- 
up will certainly attract the minds of the pupils, A study of those 
science textbooks will certainly, help us to prepare suitable text3bookS 
in science for our primary school children. 

Influence of science on other fields of learning ? 

The subject of science is not merely a collection of facts 
and InformationB, It is a new culture involving knowledge, method, 
attitude, habiLs of control, power and the like, it rather helps in 
the development of the full personality of the children 
to adjust to the existing order of society but to an ever-chaning 
dynamic society. It helps the individual not merely to acquaint and 
Interpret the present but also for the advancement of the human 
cultui'e. It enables the individual not merely for the understanding 
of the nature but also for its control in the interest of mankind. 
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Ih63® potentialitioy oi science do influence tue pupils' ability to 

study other subjects. Primarily, it inter»relates all the other 

subjects of the school on tu« om hanipajnn enforces the correct 

<rh I Ki oiKoL, 

approach to things^ Such science tuples like gardening, bee-keeping 
and live-stock, handicrafts of various types, the basic or ordinary 
crafts of basic schools and activity schools are intimately related 
to science. A knowledge of science Is essential for carrying out 
those op^cations in the schools. Introduction of science as a separate 

subject of study in the primary schools,will certainly^ make those 

cat 

activities meaningful ana interesting to the pupils. 

iiven such school subjects as language arts, social studies and 
mathematics are also im’luenced by ihe study of science. Science de¬ 
velops in Lhcm uhe correct habit or doing ana observing things in an 
orderly manner. This habit in turn,develops in them the habit of 
securing the raw materials for thought and organising ideas and ex- 

pressing them in an orderly way. Correct usage of words, accuracy of 
expression and regard for sequence of ideas,events and occorejxses, 
proper approach to tackle problems and situations,reasoned thought 
and judgement certainly, go a long way in helping the language studies. 

The stories of scientists develop in them a desire to know more about 
their time and particularly the way in which iajf'/whdreti people in those 

days lived, thought and behaved. This acts as a good setting in their 
mind both with regard, to interest and motivation to study social studies 
Similarly the measurement of things in science provides a concrete 
setting for the abstract topics of methematics. These possibilities 
indicate that the introduction of science will wield a bengvelent 
influence on the study of 6ther school subjects at the primary school 
stage, 


-oOo 
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CHAPTER IK. 

Selection am_Org;anlsatlon of Science Contents . 

The school curriculum represents the ma^or experience ol the 
human race. All those experiences of the r.a^e that have played a 
dominant role in shaplr^ the culture anu civilisation,are usually 
included in the school curriculum. In the early days it used to 
be formed In a somewhat,haphazard way. The original curriculum 
consisted mainly of religious experiences. To this were added the 
language ana literature, TOthemtics and astronomy, history, geogra¬ 
phy and science,as time advanced. The new subjects entered into 
the school curriculum as a result of public pressure. These in¬ 
novations into the premises of the curriculum were intended to edu¬ 
cate our boys and girls more and more effectively to play their part 
worthily dis-home, in society and in the places of earning their 
livelihood and to live as better and happier men and women. This 
the nature of oui* curriculum has been continuously subjected to in¬ 
fluence by our desire to assist our children.to acquire or develop 
the habits, skills, interests and sentiraenis whlcn are essential, 
both for the well-being of themselves and that of the society. Of 
the various experlidnces that go to form the curriculum,are those 
that have proved to be important and useful to the race and henc® 
deserve to be taught to each succeeding generation. Hence^it is 
the responsibility of the school to preserve and transmit the tra¬ 
ditions, knowledge and standards of conduct on which our civilisation 
depeisiSB These experiences have been crystalised Into systttmatlsed 
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bodies of knoTiledge, The pupils find it difficult to assirailat®, 
HencOjit is also the responsibility of th© schools to reorganis® 
those bodies of knowledge or sub^edts taking Into account the ag®? 
ability 5 mtural interests of the pupils and the way In which they 
asslfflilat® th© same. 

According to th© age aj:^ intellectual ability,the subject 
is to be graded. According to their interest,suitable aspects of 
experiences are to be selected. The contents of a subject ar© 
to be organised in accordance with the learning process. These 
two aspects of the curriculum have attracted the attention of 
the educators, teachers and research workers in recent years. 
Attempts in this chapter,are however,restricted to a consideration 
of the trends in the selection and organisation of contents in the 
subject of science. 

Th© selection of contents for th© subject of science for 
the different grades of instruction depends largely fipon the ob¬ 
jectives set before us. As elaborated In th© earlier pages,.though 
our objectives of science teaching differ in ©rahhasls from grade to 
grade,we can say that science teaching jjtfshould aim at the following 
objectives in generals 

Iraj^rting of funstional information; 

2. Developioent of functional concepts; 

3 . Aiding in th© functional understanding of some 

principles; 

4. Developing skill in the manipulation of 

apparatus, etc; 

6 , Developing ability and skill to solve problems; 
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6 « DeY 0 lopiiig certain attitudes &sii appreciations 5 

7, Developing certain desirable habits, and 

8 . Developing their interests. 

Keeping the above in view,one can think of selecting contents £or 
the science curriculum. But,there is plenty of scope for sub" 

gective influence. Hence attempts are made to evolve a scheiM 
for that purpose,whereby,as far as possible^no subjective element 
can creep in. The Thirty First Year Book of the National Society 
for the Study of Education has emphasised that the programme in 
science for the prinsary ana secondary schools may be directed to“ 
wards developing r^anlng for a selected group of major generalisations 
or concepts of science, Craig developed a technique and determined 
a group of those concepts,^ Later, Downing determined a list of 
the functional principles of science for different age groups^ 
Robertson developed a technique of his own and selected a list of 
113 principles which can be taught for the children of the primary 
school. 

4 ^ •* 

The above studies are carried out in America, They are 
mostly directed tow arid the selection of conlients for primary school 
science in terms of basic concepts and principles. They have taken, 
in doing so, the Interests of the children into account. it is 
essential to taka Into account the children's needs also in order 
to determine the contents of the science course. Usually their 
needs fall into three categories - intellectual, motor and social. 
While making selections for the different grades of primary school 
these developing needs of the children must be bor^fln mind. 

In England,'Wales and Scotland^ attention is not being given 
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so much,to the American research studies mentioned above. Rather, 
they trust tneir ’’Common sense”. They view the growth and develop-” 
inent oi' the child as a whole organism^and look at science only as 
one fact^'of this development. It means that science programme 
should be developed as an integral part of the school programme. 

Though there is good lot of traditional bias in this aspect of their 
ideology, it becon^s clear that the nation does not n^chanically 
view the problem of selection. Further, it becomes clear that 
the centBe oi interest in that country is gradully drifting from 
the child to the society. 

We notice that,in India,general science is being in¬ 
ti aJLit. 

troduced in recent years. But the^Education Scheme which origi¬ 
nated as early as 1938,had included sale me for children from 7th 
to 14th year of age.'^' The Gei^ral Science Currlculuni forms the 
natural environment of the children to which tfc^y have to ad;)ust. 

The subject is to be taught not separately for Itself but,as a 
necessity to learn the central craft which is the medium of educa¬ 
tion in the basic school. There daeno separate criteria for the 
selection of contents. Rather,the facts, concepts and generalisations 
as well as attitudes,appreciations and skill are to be taught as and 
when necessitated while learning the craft processes. No doubt, 
there is a separate syllakus which includes various aspects of the 
subject. Those aspects of the subject or the contents are to he 
taught as and when they are found necessary while learning the 
craft processes. In other words,science is only one of the facts 
that communicate with the common social cra^t. Hence,this trend 
in its own way is unique though comparable with similar trends in 
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Britain and, In Ans®rica» 

After studying tho tr©nas in daterinining the contents of the 
primary school sci®me,one does not fail to feel that a really 
useful and objective type of determination of the contents of the 
primary school science can h© effected by talcing into account the 
principles involved In the above three trends. We have to take 
into account the following aspects in determining the course 
contents I- 

1 , Children's ag© and conceptual abilltyj 

2 , Children's Interestf 

3, Children's needs and growth pax,tern, and 

4, The extent to which the particular experainc© 

has played a role in the evolution of 
human spirit. 

It is possible to determine separate lists of contents on the 
basis of each of the above four principles. Then,it Is reasonable 
to prepare a compromise list of contents to form the actual primajcy 
school science curriculum. 

Contents of the Science Curriculum for the Secomary School s 

The nature of the children of the secondary schools differs 
from that of the primary school children Just as the^latter differs 
from that of the pre-school children. This difference necessitates 
the difference in the criteria for the selection of course content. 
If the emphasis was on the child’s needs and interests In selecting 
the contents for the priiaary school children that emphasis shifts 
to their social needs at the secondary school level. To some extent 
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trie* interest of the sub^tJCt ajLso becoues important. ibe studies 
made oi behaviour, interests and growth characteristics point the 
way towards utilising other significant factors in selecting the 
contents for high school science. The children at that stage will 
te going through a period of rapid growth and their interests are 
centered in sports, team work, adventure and mystery. They exhibit 
Strong desires to explore and win the appreciation of others. They 
show keen interest in their personal worth and strive hard to do 
original work or research. They develop wide interests in the 
community concerns. They also exhibit their eageriBSs to study 
books and improve motor skill and ability. They try to develop 
ideals and attitudes. They also seriously take to vocational and 
a vocational pursuits. Naturally,the contents of the curriculum 
must be selected such as to ensure proper scope for the development 
of all those aspects of the personality. Basing on the above nature 
of the adolescents,the following factors have been enlisted and they 
may be borw In mind while prescribing the curricular contents? 

1, DevelopB^nt of desirable social Ideals involving 

concepts ana principles of sciencej 

2, Inculcation of scientific attitudes and methods^ 

3, Helping them to live scientlfIcallyi 

4, Providing for the full growth of their ability, 

5, Helping them in their intellectual understanding 

of the environment, and 

6 , Satisfying their needs and Interests, 

Every aspect of the six factors will demand the inclusion of certain 
topics. When the science curriculum is made by selecting contents 
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on such scientific basis certainly it goes a long way In the rea» 
llsation of our avowed objectives. 

In Eng lam, Wales ana Scotland the public interest to-day,has 
centered rounu seconuary education. But the public evince their 
Interest mlnly rouna the structure, organisation and status of 
secondary schools. The technical aspects of education are left to 
the teachers am educators. The changes introduced in the secondary 
education by Buttler's Educatioml Act of 1944,were primarily moti» 
vated by political and social reasons and only seconderily|by the 
Educational or Psychological reasons. This statement is foutKi true 

a 

when applied to the evalution of the existing curriculum of the 
secondary schools. Though tte organisation of institutions under¬ 
went great changes,the curriculum of the schools particularly in 
general solenee,remains mostly as it was before the Introduction of 
the above reform in the field of secondary education. Though prob¬ 
lems related to science curriculum are being tackled both by the 
University Eepartments of education and by the National Foundation 
for Educational Research,their recommendations are not so readily 
applied in the practical field. Moreover, such studies in Britain 
are sporadic am few when compared with the published studies in 
America. The Universities and other Examining Boards have not 
subjected their courses of studies prescribed for the General Certi- 

CL 

ficate of Education Examination,to evalution in the light of thenfl^frC^* 
concerned studies,made in Britain and elsewhere. Though Committees 
consisting of University subject experts^ teaching staff of the secon¬ 
dary schools a»l other persons Interested in education,make selection 
of contents ,they are influemed EMjre by tradition than by research 
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fifKilHgSe It Is I30t that they dislike njodern developments or edu¬ 
cational research;rather they like and respect traditions more. 

This tendency has been ohservad by Dr, Georg© Z,F. Bareday and Dr, 
Joseph A, rauw®rys,as expressed in the fear Book of Education « 1958, 
They feel that as a result of the above natioml character ^the 
curriculum is beir^ influansed by traditions. As a result of tneir 
conservative vay of making curriculum,inertia has resulted? teachers 
ani schools have fallen to that age-old grooved This inertia in 
the educational practice is not so much tackled by the public sine© 
their social theory of existing institutions support it. In this 
Year Book of Education “ 1958, published by the Joint effort of 
th© Lonion Institute of Education and the Teachers College,Columbia, 
contributions from both sides of the Atlantic are included. On© can 
naturally expect that the traditional view of Britain will be influ¬ 
enced by the more modern research mindedness of the Americans, 
Naturally^th© Year Book focusses on three important aspects of 
curriculum making, mmelys- 

1, Theory of Curricula; 

2, What should determine what is to be taught? and 

3, Where sovereignity residein curricular matters? 

Though the course contents are selected mostly by traditional 
method there is good lot of freedom to the English^cienc© teacher. 
H@ has full freedom to i^i fEiag-ir.-tsda alter th© currica.lum, to adapt 
the curriculum and even adjust'it to the particular needs of the 
society and cMldren, Naturally the progressive aspect of curri¬ 
culum though denied by tradition is restored to some extent by the 
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freedom in the profession and good commonsense and adaptability 
on to part oi the teachers, This is exemplified by the ^ay in 
which they organise the science course in Ih© different secondary 
schools of the country. Though they make us© of the syllabus of 
the same ixataining Boards,each type of school prepares Its own 
working syllabus. In the Grammar School emphasis Is laid on the 
academic aspect of the syllabus. Whether it is in the general 
science or in the special sciences ,this aspect is restricted only to 
those who are going to specialise in science in the University, 
the syllabus oi the science course meant for non-seienc© specialists, 
the science teacher does not lay emphasis on the academic aspect but 
on the social ana humanitarian aspect of the curriculum. This adapta¬ 
tion is possible mainly because,those non-science specialists do not 
take up examination in science, TJ^eycan take examination only In the 
subjects in which theywant to specialise in the University, In the 
Secondary Technical Schools they not merely adapt the syllabus to 
the particular needs of the children but even treat it with a dlf- 
ferent approach. At the end of the school course there is an 
interm I examimtion with some amount of external control. This fa¬ 
cilitates the adaptation of the basic syllabus to the different 
abilities and differing needs of the pupils who are studying different 
vocational subjects. In the modern school where the general level 
of intelligence is comparatively low,there is no examination of a 
public nature at the end of the school course. Moreover, many of the 
students wait there only to corap let© their period of compulsion so 
that they may leave the school and enter the life. The teacher may 
Us® the syllabus prescribed by any examining board but he adapts it 
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to the particular pupil's ability, interest and needs. Some 
pupils who are very weak,will have a course of science such as the 
study of the parts oi sob^ iBachlneswith which they are Interested 
and in which field they would like to get employed. It must be 
rimeitibared that it is not ^vocational subject. It is only adapting 
the basic traditional syllabus to the varying ability, interests 
and needs ox the pupils, 

In India education is the concern of the different states 
that go to form the Republic,except in the case of the centrally 
governed areas. Each state has a department of education and it 
looks after education within the state. Within each state Educa¬ 
tion is centrally controlled. In many states there is a single 
board of ©tamlnation to c omuct the public examination at the end 
oi' the school course, Natuz-ally^one can expect that there will be 
uniform type of curriculum,faithfully followed in all the schools, 
Sd,w© have neither the facility for adapting the basic syllabus as 
in English Schools,nor there is a fund of research criteria to con¬ 
struct a scientific type of curriculum suited to reallse the de¬ 
clared goals of science teaching* Studies are no doubt,being uhier- 
taken both by the University Teachers' Colleges and by the other 
Central and State agencies in the field. But,we may have to wait 

for a long time before we can use them for the purpose. Meanwhile, 
the curriculum that we used to prescribe resembled till recently, 

the old traditional academic type^curriculum of the English schools, 

it* 

In ail schools the science teachers had to use -^asw^without adapting. 
So we had the unsuitaile type of science curriculum without 
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means I’ox’ adapting tab aama. In recent yearsj particularly 

after 1*^0 publication oi the draft curriculum^by the Central Govern-- 

ment fur the highwr secondary ana the multipurpose schools,each 

Oc 

state has tried to adapt the particular needs or the schools. 

But such a syllabus has to be made common to all the schools ■witnin 
ttitj Btaue, as the pupils will have to take a public examination at 
the enu of the coui'se. So lorf-, as there is a single examining hoard 

A*. faA 

for the whole .state aru^evefy school is asked to take the same exa¬ 
mination ^ it is normally very difficult to think of a syllabus suited 
to all« But uie Public iiixariiination is only at the enu of tixo four 
year seconuar^^ scnool course. It is possible alJ[least,ln the first 
two years,to try to evolve working syllabi keeping in mlnu,some or 
the criteria mentioned auove. ‘I'his freedom to adapt,will facili¬ 
tate the science programme in the schools,to get suited to the 
Individual ability, Interests and needs. 

Organisation of the Materials of Instructions 

If the selection of course contents facilities the 

realisation of the objectives of teaching,the organisation of these 

contents helps the class-room procedure. Further, just as the 

selection of contents depends upon the objectives of education,the 

organisation of those contents largely depends upon the teaching 

techniques. It may even dictate the type of teaching technique to 

be followed* If the selection of learning experiences ensures the 

proper means of transmission of national culture,proper organisation 

to 

ensures the way in which it is ^transmit ted. Hence,it becon^s clear 

that the same importance and care we evince,in the selection of 




"• 219 " 


Oi materials,must be evinced in its organisation also. 

After the contents are selected,they are to be organised 
mainly to ensure effective learning. Even without a scientific 
attempt to organise the contents^the pupils may be able to memorise 
facts, concepts ana principles oi science. Such a type of learn¬ 
ing may result in a systematic or proper study of the subject. Yet. 
it does not influence the development of the personality of the 

child. To that extent the particult.r type of organisation does not 

U- 

servQ any educational purpose. It should remembered that the 
subject is not taught in schools for its own sake,but for the 
developn^nt of pupils* personality. This fact gives sufficient 
clue to determine the principles on which the selected contents 
are to be organised for effective learning. The type of organi¬ 
sation should facilitate and ensure the realisation of the following 
objectives oi science teachings 

1. The functional understanding of facts, concepts 

and principles; 

2. The development of desirable attitudies, interests 

ana appreciations and 

3. The acquisition of the ability and skill in 

problem solving. 

The science teachers may becon^ familiar with those factotsthat 
enter into effective organisation it^rgaTilrsad3d:ef»,to esnure the 
realisation of the above objectives. Some of the those factors 
and the uixierlylng principles are elaborated belows 

^ope for recurring experience s 


The understandii« of facts, concepts and principles of science 






taltes place slo’^ly and with repeated and varied esKperlenceo While 
planning^the organisation of materials,provision may be made for 
the recurring of experience with facts, concepts and principles to 
facilitate th© enlargement of understanding. 

Need for association ard patterns of integration ? 

The logical arrangement of matter or Contents may lead, to 
the learning of isolated elements. They may remain as so many 
pieces of materials not connected in any way. Such a store in the 
memory is not merely a waste but a positive danger too. They are 
of use only when they are assimilated in their proper association. 

Hence the coi^nts may be organised not on a logical basis but on a 
psychological basis. This naturally necessitates the organisation 
of materials in such a way as to ensure patterns of integration to 
emerge as learning progresses. 

Inclusion of situatloM for the development of attitudes_and 

Attlindtsand appreciations are usually slow to develop in th© 
individual® They arise and develop when pupils are confronted with 
situations involving those attitudes and appreciations. Kepeated 
expereieiM® with such situations,will help the individuals to nak® 
those attitudes and appreciations part of the equlpu^nt of 
personality. Hence it may be remembered that the desix'able attitudes 
and appreciatiojis do not develop Incidentally but as a result of d©* 
liberate planning for th© inclusion of such slti^tions^whlle organ!** 
sing the materials of instruction. 
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Snnpe for probletoatio sltuatjLonas 

The ability to tackle and. solve the problems he fore us does 
not develop by mere learning a factm: or a principle. Rather,it has 
to develop as a result of repeated practice in problem solving. It 
does not develop concoramitantly from m®re association with science 
materials. The teacher may organise the contents in such a way as 
to provide opportunity for practising in the art of problem solving. 

After elaborating the above principles,that one has to bear 
in mind while planning the organisation of contents,it is difficult 
to say that the best type oi organisation shall be like this or like 
that, Rather^lt is more useful to consider some of the trends 
observed in different countries with regard to the types of organi¬ 
sation of science materials. 

The subject centered logical organisation ; 

When science was studied only by the matured minds and the 
university students,and when the main objective of science pursuit 
was the mastery of the subject and the acquisition of the particular 
discipline,the contents of science were organised according to the 
systematic or the logical order. The introduction of science to the 
schools necessitated the organisation of the same in accordance with 
the laws of learning. But the teaching of science in the secondary 
schools was merely to prepare the students for the college courses 
and as such till the beginning of this century, contents even in 
schools ,u3ed to be organised in the same way as it was done for the 
oDllege courses. Even to-day, the contents of science (Useorganised 
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in a nuin]>er ol' countries on the same line. The organisation ol' 
physics into its traditional and systematic divisions like imchinics, 
hydrostatics, heat, mgnetlsm, electricity]^- light and sound is still 
"being noticed. Similarly in Chemistry the contents are organised 
in a logical yay inuo elements and compoums^each subdivided into 
the familiar pattern of occurence, preparation, properties, uses, 
etc. This is true with biology also. The subject is organised 
into plant biology,animal biology ana human, physiology. tiuch a 
type or organisation may b© suited with specialisation in science. 

As we go higher and higher in the educational cadre,the cen¬ 
tra or interest gradually shifts from the child to the subject. 
Therefore,suen an organisation of matter may b© justified with re¬ 
gard to the University science courses. It may also be justified 
to organise the science course on that line at the top classes of 
the secondary schools. But,it is proved to be unsound to organise 
on that line at th© prim; ry or the lower secondary classes. As the 
nature of learning process was understood ana the need for nuking 
child the centre of instruction became evident,the above method 
of organising the subject is giving place for a new and psychological 
arrangement of matter to ensure facility for effective learning. 

This movement was started in America during the first quarter of 
this century where as in Englana it was followed during the second 
quarter. In India,such a movement is influencing science course at 
the practical level,only frora^few years. 

The system of arranging contents psychologically began to be 
experimented first in the west. The publication of the 31st Year 
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Book ot “tny Waklonal Society I'or the Study of Education^gave an 
Impotus lor ttiis worj£. After its puhlication^efforts 'were made 
to evolve newer and iwwer ways of organisiiig the contents, A few 
of them may be elaborated here. 

Organising the contents tos^ann aroum the manor concepts; 

The umerstandxng and enlargement of the objectives of science 
shall constitute the contribution of science teaching to the ultimate 
aim of educationiand for tnis purpose the subject may be organised 
around each of tne major concepts of science^in such a way as to 
enlarge the contents around those concepts,at each of the successive 
grades. This naturally ensures an increasingly matured development 
of the objectives. 

This plan is sometimes spoken as the concentric arrangen^nt 
of matter. Every year the contents go on extending around, each 
of the concepts concentrically. It is found that this arrangement 
can be followed for organising ary aspect of science contents. The 
unit around each concept will be simple in the earlier grades and 
goes on extending and becoming complicated as it extends into the 
higher grade,in accordance with the conceptual ability of the child¬ 
ren and their Interest, This type of organising the contents 
around some concepts of science and extending and enlarging those 
contents year by year,has become very popular in India particularly 
after the introduction of science into the primary schools in Bombay, 
Madras, etc. This provides a continuous science experience to the 
children from primary to the secondary stage. In recent years, 
attempts are being nxide to reorganise the science syllabus for the 
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lovjer$ classes or the secontaary schools also on the same lln 0 » But 
such a type or organisation has not become popular becai^e of the 
existing system of examination,dominated by tne university elements. 
This unpopularity of the concentric arrangen^nt is also due to the 
existence of specialist teachers In sciences,who would like to teach 
it,as they learnt it in the College, This technique is not popularly 
seen in the courses of studies in English Socoixiary schools. The 
usual logical method is followed in organising. This is evidenced 
by syllabi^ some of which are included in the appendix. 

It is one or the common ways of organising the course con'&ents. 

Organisation In terms of units of environment ? 

One of the common trends that we notice In the organisation 
of curriculum in all the school subjects is a growing tendency to 
organise the contents around the environment in which the individual 
is living. This kind oS arrangement has become most popular with 

the science curriculum makers. First,attempts were made to organise 

^ UjUA (axA. 

the contents on those lines in general science- later on it <mm 

to the primary school science <bko. The re is a tendency to organise 
the con-.ents of the special sciences also. No doubt,there are cer¬ 
tain advantages of such a type of organisation for instructional 
purpose. Primarily, it facilitates to educate the children for 

t 

adaptation ana secondarily,it permits the teacher to draw plenty 
of reserve materials from the community of natural environment. 

Mded to these,the teacher has the advantage of adjusting the curri¬ 
culum to the varying ability and differing needs of children. It 
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is also posslbl© when or'^anised on the above lines,to ensur© the 
complete mastery oi the content materials. The pattern of en¬ 
vironmental unit as a devise for effective learning can he selected 
to hegln with,from oui* immediate needs and then^we may go on orga¬ 
nising on units based on other needs; this may go on widening 
within every grade from the Inaividuai body to the universe. So* 

the first unit can be our bociy, the next our food, Mterwards, 

e- 

may coma the air we breathe, the water we drink, our shlter, heat 

and light. Our clothing, pets and domestic animals, machli^s w© 

use, fire, transporiation, communications etc, may also be chosen. 

No doubt,there are other ways of organising the contents on this 

principle, liyfeoWjit is possible to organise the majjor materials 

of instructions in science,around one or the othfer units to which 

/ 

tb® inulvidual has to adjust on the one harKi and to learn to control 
it on the other, 

Vfe find the above line of organisation of matter in the 
curriculum of the schools of America. In England except in the 
ctoriculum for modern school,we still have the same logical arrange¬ 
ment of matter. The MucatMS have not devoted much attention to 
the science programme at the primary school level. In India,after 
the advent of freedom,the attention of both the government and the 
public has been focussed on the nature of material of instruction in 
all subjects,at all grades. Particularly,after the issue of the 
draft curriculum by the Central JiJinistry of Education,for the multi¬ 
purpose and the higher secoa^ary schools^a good number of seminars 
have been organised to discuss ana evolve suitable organisation 
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patternsfor the materials ox instruction in science. The recent 
trends are inaicated in one or the state curriculum for secottiary 
schools in the subject. It is included for reference in the 
appendix. 

Organisation around the pupils’ interests ? 

A large number oi interest studies have been conducted in 
America In the second quarter of this century. They were centred 
round the main task of studying the particular nature of the develop» 
ment of different interests of the children and determining t)he par¬ 
ticular topics of science(Suited to those age-levels. This movement 
in curriculum organisation is clearly reflected in the Forty-sixth 
Year Book oi the N.S.S.E. It is suggested in that book that tha 
curriculum in science can be organised on a practical pattern of 
spiral grade placement for junior high schools. It takes into 
account the interest of the pupils of the particular age-group .while 
selecting the conrents of science in organising theiVbourse around the 
pupils’ immediate personal problems. This arrangement takes Into 
consideration their maturity of Interest and the conceptual ability. 

At the same time^tries to organise the contents, so selected, arounci 
pupils' problems. Certainly,this is particularly a good type of 
organisation for the lower secondary and primary school science 

courses. But a good lot of investigation has to take place before 
we can get enough data of reliable nature,to make this a pattern o:| 
orggaisation. 

Human Experience as the Unit of Organisation !! 

The most popular trend in the organisation of curricular 
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contents in tf»S,A, and In the science course for modern schools in 
England is to organise toe science contents around some broad, areas 
of huctan experience. The following are some of the popular areas 
around which the mterials can be organisedt 

1« Food ana Nutrition; 

2, Health, 

3, Consumership; 

4, Recreation; 

5, Safety; 

6, Conservation; 

7, Vocation , 

Though there is a strong tendency among the curriculum makers in 
sor» countries,to organise science con.ents on the above llnes^they 
are strongly criticised in i^her countries. They are said to be 
indttlging in the act of diluting science into general knowledge. 

The English teachers will however, tolerate such a type of organisa¬ 
tion for modern school children,since they neither go to the univer¬ 
sity nor take up any examination, 

lesson Unit Plan of Organisation s 

This is a common type of organisation that one sees in the 
English Secondary schools particularly, in modern school. The princi¬ 
ple underlying this type of organisation is that the topic so selected 
should be a unit of matter for some lessons or should be just enough 
to he covered In one period. In the modern schools the science 
teacher prepares his working syllabus by converting the whole 
syllabus Into 30 or 35 units or topics,each of which may be one bit 
of the subject matter. In America^the organisation of contents is 
less logical but more psyschological. Those units are intended not 



for a siiifelfcf periou bui tnay be,!or more* They are not mere hits of 
the logically woven curriculum, but materials of different branches 
or science organised around some ma^or problems or areas* These 
problems or areas are further sub-divided into learning units, areas 
of problems. "Pure Water Sypply" is a major unit.. This is usually 
sub-divided into learning unius like^ 'Impurities in water®, 'How 
impurities enter water’ , ‘Removing the suspended impurities’, ’Re¬ 
moval 01 dissolved impurities’ etc, It maj/ be interesting to com- 
pare the unit plan of organisation^ihat is followed in some of the 
English secondary schools. Reproduction for example, is a unit. 

If it is a bigger unit,it Is again subdivided into teaching units, 
usually in tne logical order. Reproduction may be subdivided into 
units like meaning of reproduction, organs of reproduction, the germ 
cells, outline of development etc. It is clear by the foregoing , 
that there is nothing new in the English system of organising the 
curriculum on tht: aoove principle. It is only the logical division 
ol the topic into convenient units to suit the purpose of teaching. 
Whereas, k-he American way Oi. organising the curriculum is more nKian- 
ingful to children am hence procures their purposeful attention. To 
render the above purpose stronger, arm to create situations that may 
challenge the learning ability of children^these units are frequently 
restated as problems. The major unit "Pure Water Supply” is stated 
as "How do Towns get Pure Water Supply?”, This no dount,is a major 

problem and can be divided into a number of unit problems,each of 
which can be covered In one period. Those problems may be like ’What 
are the impurities in Water?', ’Where do they come from?' ' How are 
suspended impurities removed?', etc. 




The American problemtype is a flexible way of organising the 
curricular contents■ It can be adapted for any teaching technique, 
When taught by tno inauctive technique if can develop in the pupils 
the problem solving ability and skill. 

Conclusion i 

An analysis of the different modes of organising the contents, 
indicaces certain definite trends. Whether they arrange the contents 
into units or problems,the tendency is to organise the contents either 
around some area oi experMnce or arouid one or the other aspect of 
the environment. Another tendency that can be observed,is to orga¬ 
nise the contents around some major problems of life. These imjor 
units and problems are subdivided to suit the purpose of teaching 
and learning. 
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GHAPTEE X 


Diagnosis am Remedial Programme 
In Science Teaching . 

In the earlier chapters attempts are made to bring out the 
growing impact of science on human ways of living and the subsequent 
Increase In the demam for science education. Every nation has now 
realised that science is not merely a cultural sub;)ect but also a 
means through which the pupil's personality has to develop on the on© 
hand and the national economy has to strengthen on the other. Hence 
it is no wonaer toiinu that every state is ^pending as much as it 
could and even more,to strengthen science teaching in the different 
grades of Institutions. Hence it is reasonable to expect a good 
return for the interest, energy and finance devoted @ver science edu¬ 
cation by the state. But when compared with the results of the 
pupils' progress In other subjectsthere is a comparative difference 
with science education. In 1956,the results of the University 
exarnlnations indicate that the percentage of failure is maximum in 
science subjects. In‘that particular year about 54^ of the pupils 
have failed ih science. This failure no douht^ls partly due to 
the type of teaching at the Universities and partly due to the in¬ 
effectiveness of instruction at the earlier stages, Henc© it becomes 
clear that we have^^devlse means and methods to prevent this national 
wastage. In addition to||^improving»fscience education at the univer¬ 
sity level w® have to pay greater attention for making science ins- 
Iruction more effective at the secoMary school level. 
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Such, wastage in science education was even noticed "by 
Professor H,E. Armstrong of England in the closing days of last 
century. H© found that the stuaants coming to him from the ss” 
condary schools,were "badly ground. The same observation to-day,^ 
applies to tnose that go from secondary schools to university 
colleges. I will restrict myseli" her© to indicate ways and means 
of preventing such a wastage at the secondary school level. 

The re-organisation of the science programme with a view to 

provide effective instruction in accordance witn the latest prin- 

. IT 

ciples 3Ch(r leat'ing, Interests and needs of the pupils and the change 
in the individual ana social responsibilities may result in the re¬ 
moval. of tnls wastage to som^ extent. But the major cause for this 
wastage should be elsewhere, i.e,, in the of the 

pupils. This is to be further analysed into the root cause. 

In the beginning of this century it was known to the teaching 

(Vu. 

wosld that there of individual differences. The 

pupils differ from one another in their capacity to learn. In a 
group of forty or fifty there may be some bright students who can 
easily follow class teaching; but there will be a good number of 
average type of students who can follow class teaching normally. 

There may be a number of backward pupils who cannot follow class 
teaching. It is this typeo^pyppljS that require special treatment. 
Among the average and'^above-average type of pupils some may follow 
some aspects' and m^y not be able to follow other aspects of the sub- 
ject. They are also the cause of wastage in science education and. 
hence require special treatment. 
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The above diagnosis indicates that there are two distinct 
types ot pupils who are not aple to get the benefit of class teach¬ 
ing to the same extent as the others,c«.n«.; 

1, Backward pupils who are unable to benefit by the 

ordinary class room technique of teachingt There 
will be a substantial number of such pupils in 
each class. They will be usually about 2C^ of 
the total number, 

2. Average anu above-average types of pupils who cannot 

follow certain aspects of the subject or who feel 
unable to benefit by class Instruction in some 

specific area; Thejy will be in large number, 

30^ of the fcotalwill come under this 
category. 


The advent of mass education has made it compulsory to re¬ 
tain class system both for organisation and for instruction. Though 
attempts are being made to fuse these two aspects of education Into 
one convenient cast no effort has been successful to develop into a 
Universal scheme of education. The Dalton plan, the Howard scheme, 
the Winna^tHa School and other plans were intended to solve th© 
problem of teaching as many pupils as possible and at the same time, 
to pay individual attention. Though the general principles under¬ 
lying those modern developments secured universal appreciation non© 
of those schemes Could develop into a state of universal application, 
Therefore the problem of preventing the educational wastage due to 
mass Instruction particularly, remains as it was. 

Seducing the size of the classi 

In the ordinary method individual attention is possible 
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only when the strength of the class%orapratively small. In the post¬ 
war days the strength of the class particularly for science instru- 

Wv V. K* 

ctiohj l3 reduced to 20 or 26;;^ This reduction of the size of the 
class facilitates the teacher to pay individual attention to some 
extent. This can he tried as a measure to bring down the wastage 
in science education,even IncilcL. 

Special methods for teaching backward children ; 

In England, Scotland, Italy anl other countries the suspected 
backward children are grouped in one class and the teaching work of 
that class is entrusted to teachers who have specialised in the me¬ 
thods of teaching the backward children. Such an organisation of 
class for effective instruction^is certainly a® approved measure to 
prevent wastage in education. But in a small school where there are 
50 or 160 pupils the backward pupils may not be in sufficient number 
to form a special section. It is difficult to have specially lYotmecL 

teachers in every school^. Added to these, if pupils are grouped on^ 

liiE8>?tfe:^^they may feel inferior to others ana may develop undesi¬ 
rable attitudes towards themselves and towards the society. Hence 

this technique of grouping all pupils that are backward in one se- 

cut, 

ction may not be advisable. It may look tfeeri^that particular se- 
Ction is treated in the school society as'~If~t‘cr“be-’--±n a concentration 

A. \ 

camp, They may even lose the social benefit of being 

wlia the gifted pupils of the school. let such a type of grouping 
for the purpose of effective instruction^is in practice in many 
countries. 
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Diagnosis of Specific Abilities i 

The above suggestions are no doubt,useful In preventing 
wastage with regard to the instruction of baclcward pupils. The pro¬ 
blem is to be t ackled in a differnt but more scientific way with 
regard to the average and the above average pupils who have only 
specific wearinesses. Similar wastage no doubt,were observed in 
other subjects comparatively early ana remedial measures have al¬ 
ready been perfected. In language, mathematics and in history they 
are already in use. The particular difficulty of the individual 

"fcft lr«. 

Student,which is responsible for backwardness, Is first^diagn&sed, 

tb Ire 

Then,suitable remedial measures are proposed following the diagnosis 
in the individual cases. Results have proved that such a measure 
to eradicate the educational wastage, is both effective B.nd oconomi®'* 
(i0.^ So,it is essential to apply the same technique for improving 

the achievement of pupils In science also. The technique of dla- 
gnislng the particular difficulty or difficulties of pupils is fiisfe 
elaborated below; 

Specific abilities in Science jearnlngi 

Treatment for any physical ailment should be undertaken 

u>e c»n 

only after proper diagnosis. Without diagnosis^neither know 

• 

the particular complaint nor the way of eradicating it. Every 
who is poor in achievement may not be weak in every aspect of the 
subject. It is essential to locate in which aspect he is particu- 
larly weak. In science as in other subjectsjthere are particular 
abilities that generally go to contribute for the pupils' achievement 
in the subject. They are called the specific abilities. These 
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specific abilities are generally the followings 

1, Ability to remember factual Int'ormation^* 

2, Ability to generalise 

3, Ability to apply principles to problems of life; 

4, Mechanical ability, ajod 

5, Scientific outlook ana attitudes. 

Out of the above five specific abilities that go to contribute for 

the total achievement in sciencejat^entlon is focussed on the first 

three abilities as the traditional examinations usually n^easur® those 

abilities only. Though tests have been invented to measure the 

mechanical skill ana scientific outlook and attitude .they are not 

LtOJL U. 

popularly used. Hence the verdict of traditional examinations 
sag€H?d <Jhr^th0M above three abilities. So we may consider the 
first three as the specific abilities that go to contribute towards 
the total achievement of children in science as measured by the 
traditional system of examination. It does not mean that we should 
neglect tne other two aspects of the outcomes of instruction. This 
problem wlll^^dealt with separately,at a later stage. 

Administering the tests for locating the specific weakness of JPBBS3>g.s 

To locate the particular weakness of individual pupils^diag¬ 
nostic tests have been standardised in some of the school subjects, tv-Ke 
English 5 Arithmetic and history, At^feempts are being made to con¬ 
struct similar tests in other subjects also. In science pWneerlng 
efforts have been made in America, But they have yet to become 
popular. 

Diagnostic tests in science should Include atleast the three 
types of tests^each type intended to measure one or the other specific 
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ability* After adraiflistering the tests to a group of pupils who 
are suspected to be backward ^their performaiice In each or the abi¬ 
lities may be measured by the scores they get* The scores they get 
will also help us to locate in which particular ability or abilities 
each student is weak. 

Remedial grouping : 

Diagnosis inaicates the particular weakness oi’ every pupil. 

Pupils with similar weakness should be similarly treated. In 
other words they must be similarly instructed. Therefore for ins¬ 
tructional purpose they may be grouped on the basis of their speci¬ 
fic weaknesses. All those pupils who are week in on© specific 
ability may be grouped together. So,there will be as many groups 

as there are specific abilities. These groups which are organised 
for purpose of instruetion^in a particular way,to improve their par- 
ticular ability^are technically^remedial groupings. The success of 
our subsequent coaching,largely depends upon the correctness with 
which w© have diagnosed and organised those remedial groups. 

Remedial Programme i 

After the organisation or remedial groups by a process of 
scientific diagnosis,the method of treatment becomes clear and evident 
Each remedial group with a specific weakrjass is to be similarly 
instructed. This technique of instruction depends upon the particular 
weakness of the group. If the remedial group is weak in the ability 
to remember factual informations, a lecture demonstration technique 
or reading assignment technique is generally recommended. Similarly 




exercises in iimuctlve reasoning may be employed as the technique 

lUj vv' 

of instruction for a group that has^the ability to generalise.« 
the ■ e - pe Q4f-ie-^tckne^» Deductive reasoning exercises are suited 
for that group which is weak in the ability to apply principles to 
problems* bimilarly^ for treating other specific weaknesses^ suit¬ 
able remedial instruv-tional techniques may have to bs employed* 

Remedial Programme only temporary ; 

Meaicai ^reatownt I'oi" any ailments is only fur a^ort time* 

If it Is continued for more than the requirea period,the very me¬ 
dicine may act as poison. It is true even with tiw remedial Ins¬ 
truction, it is not a normal event in the life of one pupil. Natu¬ 
rally tne treatment shall cease as early as possible. After the 

IK^ 

pupils inuicate that have improved in those particular abilities in 
which they were weak^they become normal anu stiould be treated along 
witii the other pupils for instructional purpose, 

A very effective tool to prevent wastage s 

The alarming wastage which we are having in science education 
at different graces ox instruction^particularly in the secondary 
schools^comes in the way or our national progress. The heavy failure 
retards the work of producing the requisite number of technologists 
am technicians to maj:|DUr Industries, The progress of our iniustry 
Is largely responsible for the strengthening of our national economy. 
So,the wastage that we observe In science education should be viewed 
as a flaw in our educational system and as a drawback that puts back 
our national economy, A country-wide and continued failure in 
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scisnce education^ beGoin©s naturally the Hation's serious concern.. 
Individual states not feel the magnitude of the wastage to sUch 
an extent, iho Central Government will have to take serious notice 
of this wastage and devise and sponsor effective steps to prevent 
the same. 

Immediate responsibility : 

At present .there are no diagnostic tests standardised in any 
of the Indian languages. Even those tests which are constructed in 
U,S.1,)cannot be used her© as we have different syllabus and different 
cultural environment. So,it is necessary that w© must construct 
and standardise diagnostic tests for Indian schools both in English 
and in the various regional languages which are used as the media of 
Instruction in the secondary schools. further, teachers should 
receive special training in the art of administering those tests and 
interpreting the scores. draining will also be necessary in the 
remedial coaching. Since a single class may have to be divided in- 
to a number of remedial groupings,and extra staff may be required, 
Thougn we have to incur additional expenditure on the above itemSjlt 
will certainly prevent the wastage which is many a time more both in 
magnitude and in effect. 

Remedial coaching sometimes may be very difficult to organise 
in small schools. Under such circumstances all the schools or the 

Ou 

schools in particular locality can think of organising a central sc¬ 
heme of remedial programme. 

The impllcatlong of the above scheme for ordinary class room 
instrnotion i 

The work of standardising diagnostic tests ia science may tak© some 
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tini© 9 Aft6rwards lb ni&jr tak6 som© more tiiBe "to become popul&ro 
Till then the science can 

help a great deal to prevent wastage in science education,by their 
intention even to roughly understand the particular difficulties 
or pupils in science ana^their willingness to remedy the same. 

The science teacher can construct his own roughly standard¬ 
ised or unstandardised dagnostic tests for his class purpose. By 
admlnistring the same^h® can diagno;Jfse the particular weakness of 
individual pupils. With this knowledge,he can pay attention indi¬ 
vidually, while ha-4s teaching the class,to remedy those defects. 
Therefore, a rough and ready diagnosis of the weakness of the pupils 
fiollowed by individual attention while teaching the class^will cer¬ 
tainly go §dong way to improve science teaching on the one hand and 
to prevent wastage on the other. 

In a bilateral school at Bristoij (Aston.Bilateral Seconaary 
school) all the backward pupils of the class were grouped into one 
section. ®^peclally trained team- oi’ teachers were entrusted with 
the work of teaching that class. The tescher^ln charge of science 
instruction to that class,was an experienced master. While teaching 
the class, he selected particular pupils to answer particular questions 
or get particular experiences. He seeined to have a knowledge of the 
particular weaknesses of pupils. The Headmaster told me that that 
arrangement lAoiyi©Iding good fruits. 

The Aston school ©xperin^nt is an interesting Illustration 
in modern educational practice^particularly, as it provides individual 
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att©ntion, to pupils® This tnay he tried in oui' 3ecoJ:Klary schools to 
improve the achl©veii»nt of backward pupils In science and thus to 
prevent wastage in science education. But this suggestion does in 
no way ralnltnlse the need for a moven^nt for scientific diagnosis and 
remedial programme through suitable techniques. 

Science instruction for the Bakward Punlls s 

An interesting aspect of Scottish science teaching is the 
special interest the taschers take in the backward pupils® Th© syl» 
labus prescribed for the ;)unlor secondary schools (for pupils^l2-f- 
to 16-t ) is the basic syllabus for the whole of the country® The 
schools are free to adapt it to the varying levels of intelligence 
of pupils® If the pupils are very low in Intelligence too drastic 
adaptation of the syllabus will b© needed. This naturally under« 
mines the very object for which it is prescribed. Even if such 
drastic modifications are effected^the result will not be encouraging 
If the subject is taught in the same traditional method. Moreover^ 
as the school leaving-age is raised,the country has adopted ag© prin¬ 
ciple for promdtion of pupils from primary to secondary schools. Th>y 
cannot sem boys ana girls from grade to grade without proper ground¬ 
ing® This is particularly true with regard to the backward pupils. 

Their backwardness in achievement becomes more and more apparent as 

Ike 

th©^advance from grade to grade^par^im^wealth of experience to cover; 
goes on increasing both in quantity and in complexity. Hence the 
schools seriously make diverse approach to the solution of the prob- 
lem. Both in England and Scotland pupils are streamed out into 

• A 

different groups on the basis of their ability^to suit instructional 
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pfooedure. Some of the recent practices 3n that direction and tl© 
pi'iiicip^®3 that underlie those practices are elaborat®4 below; 

^nrtflrete experiences instead of abstract ones* 

Backward pupils are usually slow learners or learn very little 

Ot 

i^en they are taught ver^b^ly, Henooj lecturing does not benefit them 
ag they are poor in their ability to think in terms of abstract ideas, 

Tliay show no interest in such learnlngand even if it is procured some- 
hof, soon it gets diverted. such pupils do get some benefit when con¬ 
orate situations of experiences are provided. Science has plenty of 
■gtioh situations. The teacher can make use of such concrete materials 
to illustrate abstract truth. This technique of teaching abstract con¬ 
cepts and generalisations of science throng concrete situations is very 
popular in Scotland. 

Laming to handle apparatus, household instruments, etc. 

Every boy and girl will have to use a good number of instrun^nts 
and service devices at home In their daily routine. Backward pupils 
will be generally very much Interested in handling them successfully to 
ensure their personal safety. They will also feel /proud in handling 
them successfully. Such exeradaos, when carefully programmed in the 
science course for such pupils, wiH not only procure their interest hut 
also ensure the realisation of the objectives of teaching the subject, 

No doubt, it is very difficult to develop in thesia a systematic knowledge 
of the subject. That aspect is the privilege of ttie more fortunate and 
gifted pupils. In En^ish secondary modem schools this technique . 
t&kes the form of *s@t part exerQlses’ to some of tt© backward pupils. 
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TTollowlm tba ti^ct of their fondneaa* 

BackTOrd cklldren way notj poasaas h.lgh capaciby for learning^ 
but they show st/TOng likes and di£Q.ikes» It ia an intan© ating ©x- 
aroiae to th© header to find out the likes and dial ike a of those 
pupils* If fchoii* likes ap© nad© the avenue of ongpinising the scienc© 
Materials of lust inaction it la posaihl© to wak© them learn scisno© 
batter and develop in them sow© deairahle attitudes. The fondness 
of a pupH in pots can he wad© th© avenue of or^nising hia scleno© 
experiences and to develop in him the nohle attitude for the preser¬ 
ration of natural beauties and situations. Such an approach finds 
country-wld© popularity among science teachers in Scotland, particu¬ 
larly in the junior secondary schools. 

Particular problems Instead of General ones; 

Pupils of moderate intellectual endowments evince more interest 

in particular problems which a re Intimately connected with tte ir life 

than with those that are too remote. Th© challenge presented to them, 

In repairing the disordered pendulum of a clock moats a readier 

response with them than th© principles of giravity. The former will, 

not merely interest them, but even provoke them to participate in the 

or IKa U*-v*o^vetA vw (Ki n/rwi* ►vO'r. S-txtlv o^-^ooTXie.,«Alw/v-IK 

g^neral^prIncIpl©s of science la found to work satisfactorily in the 

hands of many of the Scottish teachers. 

Sinking with Personal Experiences; 

Backward pupils usually show interest in studying science topics 
with a personal approach. It Is found that pupils show greater in¬ 
terest in repairing their pocket torches than when a lesson on elec¬ 
trical conductors and. Insulators is given. Similar illustrations 
can be given £br otlsr areas of science. This clue is usually made 
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use of by aany teachars when they are teaching a set of baakmrd 

pupils. 

Planning; for ahorter teachinK TJnlta ; 

One of tha syMptorns of backwardnesa axnong school chlldrenj Ig 
their Inability to focus attention on certain point or topic for a 
long tlmo 6 This Icnowledge should naturally sound the teacher nob 
to plan for longer teaching units. The topic must be short. If a 
topic can be normally planned in three separate units, the sarr© topic 
maybe planned in more separate bits, thus reducing the span of atten¬ 
tion-period. The teachers have observed that by such a method, the 
topic is tauf-ht as isolated unitaj but they feel that such an appro¬ 
ach, at least, tiMikes them learn some aspects of the topic. They also 
feel that their connection will hov/aver, be realised by those pupils 
a little later. 

Lowering the Vocabulary Loads 

It Is established by nmny research studies that the baokirard 
pupils wHl be generally poor in language ability. Naturally, whan 
difficult and technical words are used frequently, while teaching, 
they fall to develop concepts of things, events and situations, even 
though they can easily understand them. If those things are taught 
using simpler and more familiar words, they can understand those things^ 
events and situations more readily. Hence, their own related ex¬ 
periences which are within their language ability, both to express and 
to understani, will form some of the ways by which th© approach to the 

subject is aou|^t. Discussion exercises are also got up to provide 
them opportunities to improve their eaperlencew in their own language, 
After this stage, the lesson proper, that la based on the above pre- 
llmlnary activities, will be tau^it. Graphical and pictorial Ulus — 

trationa are also used to overcome the difficulty of ^nguage, statls" 
tlcal concepts and technical terms, while teaching science. 




In tha foregoing paragraphs some of the Scotish techniques 

A 

of teaching sclonca to the backward children are elaborated, itn 
intelligent teacher can think of many more ways of dealing with them. 
What is required in such cases,is a little more freedom for the 
teacher. Though the techniques and approaches described above^are 
equally of use to Indian science teachers ^the presence of an external 
examination which is the goal of ail pupils,will come In the way of 
putting them to practice. So long as the common examination is to 
be faced by all the pupils and schools alike^the teachers may find it 
difficult to resort to such useful techniques. But,in the first three 
years of our secomary school there is no fear of an external exami” 
nation. The teachers can think of adopting such techniques. As the 

j 

examination system undergoes changes so as to provide more and more 
freedom to schools ana teachers,the problem of teaching the backward 
v/111 attract the attention of teachers. fflne may feel that it is 
foolish to teach them by an unsuitable technique,because of the exa¬ 
mination. Ko doubt,this is true; but the other face also is true. 
Until the present system of examination gives place for a more bena- 
veient type of examination and until undue importance to exami¬ 
nation is reduced,the teacher need not neglect the unfortunate 

individuals. They can bear in mind the above principles and try to 
assist them in as many ways as possible^to make them learn better. 

Let us feel that it is a moral responsibility on our part to assist 

those unfortunate individuals to learn better. This attitude of 
sympathy and'§.esire to help them will certainly, inspire the® with 
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many more n»ans ana mothods or teaching them science^ii^pite oi’ 
many difficulties in the way. 

Conclusion 

With regard to the above mentioned specific abilities in 

science there are differences among science methodologists, Victor 

H. Knoll in his work entitled ''Teaching of science in Secondary 

schools”,thinks that the specific abilities or children are located 

in the nature of the subject itseli\ He says that they pertain to 

the different fields of the subject, like hydrostatics, magnetism, 

-5 

electricity etc. Others feel that it is not at all possible to 
provide remedial programme on specific ability basis. In this con¬ 
nection it must be remembered that it is the Interest that is res- 
ponsible for effective learning. There is reason to belleve^that 
interest is distributed not according to the nature of the subject as 
a.whole,but according to the nature of learning processes or pupil's 

experience, Hy attempt to Indicate the specific abilities as above 

4, 

is based on interest of pupils. When I administered a questionnaire 

to 33 science teachers of varying period of experience,as to which 

aspects of learning go to form the total achievement in science ,the 

tKe 

above listed five abilities were considered as important in-order of 
their listing. Yet,further work is needed in the field to locate the 
basis on which the specific abilities of science learning are to be 
determined, 


-0- 
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CHAPTER XI 

SCIENCE EDIXJATION FUK THE GIFTED . 

In a group of forty or fifty thsee will be a small number of 
pupils who are endowed with a high degree or intelligence. They can 
easily learn what is ordinarily taught in the class. They may even 
feel dissatisfied with the type of instruction that is imparted. 

They may be eager to learn more. Even the technique of Instruction 
may require a change. If they are to sit and learn with the ordinary 
pupils their gifted nature may not find suitable opportunity to de¬ 
velop. Those children are the gifted few, who, in later years are 
going to become the t!linkers, leaders, discoverers and designing 
engineers and technologists» They are of great help both for the 
progress of mankind and for the advancement of industry and techno¬ 
logy, They are responsible for the progress of human spirit,culture 
qnd ©ivllisation, So^lt becomes the responsibility of the schools 
to provide education suited to their ability. Otherwise to that 
extent the pupils fail to benefit. The state will not have the be¬ 
nefit of their gifted nature, Above all^the amount of energy and 
interest of the state devoted to the cause of education will not 
yield the result in due measure. Hence,it becemes clear that it 
is another type of wastage in education and requires careful and de¬ 
liberate handling to prevent the educational wastage,caused by the 
neglect of or the lack of suitable treatment to.the gifted children. 
This in reality,is as serious a problem as that of the backward 
children. The nation should view them as two faces of the single 
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problem of providing education according to their ability. If the 
maxifflura return in the educative process were to be had,the education 
of both the gifted and the backward are to be treated as equally- 
alarming faces of the problem. Proper measures are to be taken 
to prevent the wastage due to each face of the problem. Just as it 
is necessary to take care of the backward pupils^it is also necessary 
to conserve the talents of the gifted pupils. 

Conservation of the Talents not a new Problem ; 

The problem of conserving the talents of the gifted is more 
vital to our survival todayjthan it was at any other period of human 
history. Yet,the idea is as old as -che Greek anu Roman civilisation. 
Xenophon, more than two thousand years ago^had a good insight into 
this problem. In his 'Memorabilia* he has elaborated howSocretese 
used to identii'y and treat the gifted. While providing training for 

IRat 

leadership,he has explained the technique^Socretes used to identify 
and Conserve the talents,as follows? 

" He juuged the abilities of the people from their 
quickness in learning tue things, from their 
remembrance of what they learned and from thelir 
desire for learning all oiiose branches of know- 
■ ledge that help to manage a family or an estate 
and to govern men and their affairs with success. 

He thought that such people will not only make 
themselves happy but assist others also to 
become happy. 

No doubt,Socretes had his own technique of measuring the ability 
or people. For nearly two thousand years after him^nobociy tried to 
evolve a better technique of identifying the intellectually gifted 
individuals. It is only in recent years that a scientific instrument 
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Inhi’s 

ws invented by Lewis Fi, Terman.^'*d8n\ic studlbs of Genius" he states 
toat; ■" 

" A nation's resources oi intellectual talent 

are amoni^ tne most precious iu will ever have, 

'i‘he> origxn oi genius, <.he natural laws oi its 
developmenT; anu ’cne envlronmenlai iniiuences 
by wnich it ie affected eiuber for good or evll,,dn-<a, 
m; scientific problems oi almost unqualed importance 
to human welfare". ^ 

He has clearly iniicated that it is essential to find out the gifted 
pupils and give them the opportunities that develop their talent and 
at the same tlfflo>pave the way for human good. But when Terman wrote 
the above passage the educational world did not know to what extent 
genius can be created or destroyed by a right fax or wrong training. 
Within three decades after the publication of his book we have made 
phenomenal stride in ail the areas of educational research that will 
tnrow light on the above problem. In fact,it is realised by educa¬ 
tional thinkers that more progress has been achieved in these three 
decades than the mankind could achieve during the past two thousand 
years or so. It is but natural that we should count reipidity In our 
progress not in terms of generation but in terms oi days and hours in 
the space age. 

Who are Gifted Children ? 

We may say that one is gifted, as Secretes did, because of his 
quickness in response, ability to learn and desire ior knowledge. But 
it is normally difficult to locate where exactly that gift is. Yet 
efforts are made to postulate some working hypojthesfts to define all 
kHioiiMdgft individuals who may belong to that category, Samuel Bloom 




™ 249 » 


in his book ’'The early S®n/lfestatlon of PotentJal Scientists” , 
states that the characteristics oi pupils gifted in science ,are 
quite distinct ana can be Identified, According to Bloom,such 
children possess a high degree of intelligence which can be measured 
by standardised intelligence tests; they also exhibit high mathema¬ 
tical ability, high verbal ability and high manipulative skill or 

3 

ability to use their hajrKis. Macourdy in his study on the 'Charac¬ 
teristics of the Superior Science Students*,conducted a rigorous and 
detailed investigatu-on oi' 600 'science talent search winners’jcom¬ 
pared them with College Controls.over 120 l.Q, on a 300 item in¬ 
ventory. This inventory was with regard to their personality, 
attitudes, interests, activities, family history, associates,science 
teachers and decision to be a scientist. He observes that a 

gifted student will have certain qualities like leadership, self’- 

control, curiosity, national mindedness, intellectually complex, 

non-gregarious natiu'e, scholarly tendency, competitive spirit, 

4 

eagerness to read and a few other characters. It may be possible 
to locate such pupils in the school as a result of our careful ob¬ 
servation. Bloom’s technique of identifying the gifted children is 
more accurate and can be readily applied. Tests for locating are 

available and hence easy to pick out the gifted children It is 

estimated that those children with the characters determined by Mac- 
Curdy will usually form the upper 10 per cent of the group. In 
Soviet Russia the so called gifted pupils, are quite different in 
nature. Talent to the Russians .means 99^ of the population and not 
5, 16 or even 25^. It is only of the student population who are 
unable to profit themselves from an academic programme,because of 
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their physical and mental defects. Hence they carry all students 
through the tenth grade wnieh is equivalent to the 10th standard 
of the secondary School in our nevj set up. A very broad fromt is 
given to the academic programme. More students are being trained 
to universities am higher education institutions than they could 
take.^ But there is a tendency for permitting only the ablest to 
go to the university and for this purpose to effect diversification 
at 13th or 14th year. Yet the aDove fact clearly indicates that a 
huge number of pupils go to universities to become technologists. 

A still greater number of pupils go to‘techniciAms to becom© 
technicians. This is how Russia is able to produce a huge army of 
technologists and technicians for the research, industrial and de¬ 
fence programmes. It is this aspect of Russian education that 
prompted the Western Countries, particularly U.S.A. ana U.K.,to 
think 01 conserving the education of the gifted children to compete 
with Russia in the production of technologists ana technicians. 

As a result of their aspiration the public and the leaders of the 
country look to the schools to help them. Naturally the schools 
attach importance to conserve the gifted,particularly to provide 
them enriched courses of s^tudy in science. 

:: ^entification of the Gifted ; 

At present ^there is some sort oi arrangement in most ol the 
countries to identify the gifted pupils either In the beginning of 
the secondary schools or a little later. But this age of entering 
the secondary schools differs in different countries. In England 
the secondary education begins at 11+and in Scotland at 12-^ , But 
secondary schools admit children in India after 7 or 8 years o± 
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primsx'y educatloxi. In Amsj'ioa the junior seeonnary schools admit 
pupils at the age oi 11-f-or 12-^ . But there is an equal nutnher oi 
schools that admit children at IS-f-also. In Russia there is^incom- 
plete middle school stage between primary and complete middle schools, 
The dducation is organised in that country on 4-3-3 plan. So ,they 
will provide 10 years of education before the pupils could proceed 
to university or technical Colleges. We can consider that the se- 
conaary education begins in Russia at 13-f . 

In America ..the existence of a gifted child in the secondary 
school was practically neglected. The democratic ideology of the / 
country did not BfieHje-have^social or intellectual distinction that 
may lead to stratification. Equality of opportunity was too fre®« 
quently^thought to mean identify of opportunity. But the country 
has realised that such an Ideology,will lead on to wastage of talent^^ 
which is dangerous to social progress and national economy. The 
Secretary of the Educational policies Commission has stated in his 
report on*Education for all American Youths’ in 1944,that a very large ■ 
number of pupils in the American Secondary schools dnenot getting an ' 
education,fully suited to their abilities, interests and needs. 

He also notes that many youths who could advantageously use more i 

education than they are receiving,are not getting it because,cost- 

b 

free schools of an approximate type,are not available to them. Though 
the idea of differential treatment for children in the schools is not 
liked they do accept nowadays that ‘’the right pupil should receive 
right education from the right teacher” or that “the individual should 
be placed in the position appropriate to him”. How,an elaborate 
system of guidance programme has developed in the country. Appropriate 
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and scientific technique has also been elaborated. Usually the 
;)unior secormary school serves a glartorm pupils are screened 

to Identify their particular interests, abilities and attitudes. 

In the comprehensive high schools the exploration is carried out aft 
the same age level. The pupils are advised on the basis of the 
results,to take up particular courses of studies. The work of iden- 
tlfying the gifted is part of this educational guidance programme. 
Usually;experts consider that the gifted will be gifted with regard 
to motivation, interest, personality, social factors, attitudes and 
capacities, Suitable tests are developed ana are popularly used. 

As a result of the interest shown by educators and psychologists, 
guidance programme and conservation of talent have occupied the 
single biggest column in the educational literature and the press. 

Methods of selection or allocation of pupils to the secondary 
school,best suiced toth®m,have been in England the objects of experi¬ 
mentation since the system of free places were introduced. After 
1944 the work of diversifying pupils to different secondary schools 
according to their ability, interests and needs,made the selection 
process an Improved technique that yielded reliable results. The 
local education authorities have exhibited remarkable uniformity in 
the administration of the test. But there is great diversity and 
variety in the technique of assessment. 

The English technique of selecting the gifted is not as much 
complicated as that of America, It shows variety and flexibility. 
Emphasis is placed usually on intelligence tests and on tests in 
English and Arithmetic, Schools records related to pupils’interests, 
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attitudes snci progress,may also be consulted^ Interviews are also 
held. Usually the top IS'o go to the academic gratnraetr schools, 
another 15j go to technical schools and the remaining students go to 
the modern schools * 

In India the pupils are expected to select their courses of 
studies in accordance with their ability, interest and needs in the 
secondary schools. For this purpose the country is in favour of 
having a regular system oi diversification of pupils at the beginning 
of the secondary education stage. Those who have very high I.Q. may 
go to take up academic courses leadli^ on to the University Education. 
Those that are not so highly gifted but have aptitude for mechnlcal 
skill,may take up vocational studies. In many states the identi¬ 
fication of pupils for science course takes place In the second year 
of the High school, i.e., in the 13th or 14th year. The identifi¬ 
cation that is in vogue today, is too simple. The achievement of the 
pupil In the previous year in science subjects is taken into consi¬ 
deration in identifying the gifted children for science course as a 
selective subject. However ,in recent years the diversification 
mechanism is being developed on objective lines. Along with that, 
studies in guidance programme are also being undertaken. Beyond these 
preliminary efforts that are lua progress, no special attention is being 
devoted to the problem. 

Programme for the Gifted; 

The teachers instructional programme is to be prepared with 
due regard to the individual differences. No doubt,any teacher will 
find this job difficult if not quite impossible. Attempts are 
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limited to ioake the instruction appropriate to all individuals 
because oi' the lolloping difficulties in the ways 

1« Excessive class size; 

2« Lack of taaterlaliand equipment; 

3, The teachers’human limitations and 

4. Some unrealistic theories of democratic 

education. 

In England, it is usual at ll-f-,to identify the gifted by an examina¬ 
tion followed by interview and reference to pupils’ school record. 

Those who are identified as gifted will normally possess high academic 
achieveGMnt and high I.Q, They are shown as the graranetr school 
children. They will posses^an I,Q. above 120, Later, in the 3rd 
form of the grammer school,an attempt is mode to search for talents 
in science and other subjects. Those that ore ^entifled to be giftei 
for science education,usually take up science for specialisation. At 
16,they will generally take the G.G,E,Examination, ordinary level, 
ana the real search for talents In science takes place after that. 
According to their talent in th© different aspects of science i;sk« 
will be advised by the teachers, to select subjects for their 
specialisation. Usually such students who are specialising in sclenc 
will be very few in number. In many of the grammar schools there 
will be 5 or 6 pupils of that sort,in the 6th Form. 

University courses oi studies,prescribed for G.C.E, are inten¬ 
ded to provide for 3 distinct typeS: of science talents. The syllabus 
for the ordinary pupils, the syllabus for advanced level, the syllabus 
for scholarship level-are in reality,courses intended for three dif¬ 
ferent, b|rt graded types of ability. One may take the ordinary level 
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examination ana then taKe advanced level^* But a good number oi' 

pupils who are gifted take up advanced or scholarship level papers* 

The latter course for the examination Is intended to assist. .. gifted 

pupils by awarding state scholarships. So,a student can take up 

any of the above courses according to his talent. The schools pro» 

kjvik 

vide for ail these types of pupils^separate instructional faciliuies 
as per their particular requirement^* 

Even in the programme ox correlated activities there is a 
differential treatment for the gifted. They will be asked to read 
advanced books in the subject of their specialisation* In the 
laboratory,they will be given exercises that are suited to their 
level ol inoellectual ability and meehenical skill. Such pupils 
will be asked to take leading role in the school science club and 
even to guide the proceedings of the same. 

L 

A special feature of the instructional differentdtion for 
the gifted, is in the programme of special assLJgnraent to be made by 
the teacher. They are asked to read books on the subject to ensure 
proper provision for the satisfaction of theWeaj^orness of 
intellectual Interests. A pupil of the 6th Form oS a grammer school 
may be asked to study books usually studied at the university level. 
But,the teachers do not seem to think of finding out whether those 
books are suited to those students. They trust that what an ordi¬ 
nary pupil will have to read at the University, is to b© read by the 
gifted few at the grammar school level. 

In America, at tempts are being made to keep in wiatch with the 
talented science pupils while the curriculum is being programmed. 
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Books sQX6cted and school scienca schedule is drawn up with clue 
regard to the gifted* When assignment is made for further reading 
they will take into account, the requirements of the gifted. The 
gifted children may have an amtitious syllabus or may be permitted 
to cover the ordinary syllabus earlier. The activities related, 
aiid the laboratory programmes'are designed to meet the needs of their 
superior intallectui^.al and mechanical abilities, Besearch workers 
Ih the field^devote^attention to study various aspects of the pro*» 
gramiM for the taleni;ed. While determining the type of books suited 
to those cnildren of superior science ability,certain special features 
are located by objective means, Hoy,C.Rice in his book entitled 
^Trends in the curriculum and instruction of physical Sciences jWv/ 
the Secondary Schools^ says that tohe gifted children may be asked 
to read such books that possess the following facilities?” 


1 , 

2 , 

3. 

4 . 


5. 

6 . 

7 , 

8 . 


9. 

10 , 


11 . 

12 . 


Books that provoke thinking and discussion; 

Books that develop interests in the methods of 
science; 

Books that stLmulate fuxther reading and 
reference to source books; 

Books that are devoted to articulate and eluci¬ 
date scientific concepts and principles*, 

Books that suggest fresh problems; 

Books that create an insight into social 
problems and their implications to 
science; 

Books that are based on authorities; 

Books iliat present the controvertial matter 
without any bias; 

Books jEhat Indicate enrichment materials; 

Books that are written in a good literary 
style 5 

Books with worthwhile themes and 

Books of lasting value. 
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Though the aho’/a features<i/s« imeMed to determine good books 
for all students,certain features are specially intended to serve 
the additioml needs of the gifted. 

Need foi specially trailed Teachers for the purpose ; 

There may bo one or two science talents in a class^ It 
becomes naturally impossible to provide a special teacher for them* 
Even to sena them to another institution or to group all such pupils 
into one section may noi;; be possible because of administrati\/e and 
organisational difficulties. What one expects is that the teacher 
may pay particular attention to such pupils. With regard to the 
subject matter the teachers must have studied more than the ordinary 
teachers^if the education or sucn boys is tu be entrusted to them. 
Because,some of those gifted may ask questions now and then,which 
tht! ordinary teachersmay be unable to answer. Further, the teachers 
may bo insisted to have a training in coungeling ana guidance 
prograranw. Above allj-theymust have a knowledge of the type of sc» 
lence programme to be designed for such pupils. It is possible to 
train some of the teachers of science in tiie above aspects in the 
various in-service training camps that are being conuucted. The 
Geniral ministry should organise such training' courses both at the 
ceiaral and at the state levels. 

Science Talents at the Primary School Level ; 

In America,there is a growing trend to identify pupils' talent 
in science at the earliest possible opportunity, A concerted 
effort Is being made to develop various test - instruments to locate 





special attitude or interest in science. This concern has heeu 
necessitated by the shortage in research, engineering ana teaching 
personnel at cliiferent i’vels. This tendency has recei\/ed added 
impetus by spectacular achievemenu oi Russia in the exploration 
oi the stellar spaces. In a capitalistic counury llKy America, 
the Inuuatriai magnets v/no require more aiid more technologists to 
man tneii' industries,will put pressure on the administrati\/e machi¬ 
nery to develop tue science talents in the children lo the maximum 
ainouni^. 


Row far can this American concern can help their adventures 
in the interplanetary and stellar space,is a doubtful matter to 
predict. But the tendency for the early discovery and development 
of science talent could certainly prove to he a valuable trend. But 
the above concern Involves huge amount of additional expenditure. 

In America teachers, parents, school boards and others are making 
efforts toraise money to purchase adequate equipment to their ele¬ 
mentary school laboratorit-s. The parenos also take particular in¬ 
terest and cart to supply to their children at hom 0 ,¥itn scientific 
tojis to play (study). They also supply to their children chemistry 
kits, weather and electricity kits, magne^tism kits ana some of the 
common and simple machines. 

Science is being taught in the American elemencary schools 
since the publication of the 31st Year Book, of the N.S.S.B. In 
their elementary science programme emphasis is laid on the activities 
with toys directed towards a specific purpose. This aspect of liie^ h** 
been partly responsible for the development of the new technique of 






teaching science in that country mmely^the problem metnod% While 
K^njJpulating the Materials the children will come across a number of 
problems. They -Mill have to solve them before going further. 

There is the teacher to assist them. This way oi living in school 
develops problem solving method and attitude in them. And so,tl^e^ 
American boys and girls are comparatively at an advanced stage in 
this respect,over their continental equals. 
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GHA.PTER XII 


Trends In the Technique of leachlnR Science , 

Teaching and learning are two aspects of education. The teacher 
teaches only when the pupils learn. This concept has ledL. to study the 
principles underlying the learning process and to make them the bases 
for the formulation of the principles of teaching technique. The ya~ 
rious maxims of method, the laws of learning, the nature of the inter- 
ests of pupils at different age levels, the purpose of setting a goal 
before them, aftd the way In which we have to motivate them are some of 
the basic principles that go to shape a scientific technique of teach¬ 
ing, The Technique becortKS scientific because, it is based on the 
objective laws of learning and. other principles of child nature and 
behaviour patterns. But this technique has to operate not with inani- 

wKo an.«. 

mate objects but with children^ growing, reacting and developing In 
nature. Hence it becoa^s clear that even the scientifically evolved 
method may go wrong or may not suit for teaching all boys and girls, 
in teaching all subjects and all topics of one subject for all times. 

So the fundamental method though scientific in nature,requires modifi¬ 
cation. The following are some of the factors that control that 
modlf icationt 

1. The goal set before us; 

2. The nature of the children; 

3. The topics of treatmentj 

4. Time allotted for the subject and 

6. O|iganisational facility and professional 
freedom. 

Method is, after all, only a device for the realisation of the 
goal that is set btefore us. Naturally,the nature of that device has 
^^t^hange if the joal is to change. ; This fagt is amplyL.ejgemplifled 
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in the course of the historical development of both the objectives 
of educatioh and the technique of teaching. When the objectives 
of education were tr^re acquisition of knowledge,,memorisation was the 
cointnon technique of learning while 'book and birch* was the nature of 
the teaching technique. Since the aim of education no longer re¬ 
mains to be the mere acquision of knowledge .the old technique has 
given place for r»wer techniques suited to achieve the newer object¬ 
ives of education. Acquisition of knowledge no doubt,,is important 
hut it is only one aspect of the broad aim of education. Further, 
it is not an end in Itself but only a means to another end, namely, 
the development of the whole personality of the child. There 

items which go to develop the child's personality. Hence 

fXhC 

there items that compete with the acquisition of 

knowledge as outcomes of education. The application of the knowledge, 
the development of desirable attitudes and appreciations, 

able'anddevelopment of 
desirable habits and skills, the development oi interests and the 
ahility to tackle and solve problems In his effort to adjust to and 
control the environment-physical, social and natural - are ail the 
objectives that go to develop the personality of the child. Some 
of them may be realised in the class-room by the instructional process; 
others may be developed by other means of education. The instruct¬ 
ional process shall not consider that they are not Its duties and res¬ 
ponsibilities. No doubt}even those objectives which apparently seem 
to be beyond the class-room operation.jare certainly linked with it. 

It Is possible in addition^to teach those aspects of the subject while 
ensuring the development of other aspects of the objectives. Soothe 
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inethod snould ^ so designed as to assist the children not merely 
In the learning of the subject proper hut also in the development of 
other important objectives of education. Though the method is mainly 
operating in the instructioml sphere^td^ should bear in mind that 
should adapt its^FfeC in sucn a ^ay that the instructional outcomes 
contribute ana strengthen the general objectives of education. Such 
a technique naturally takes into account not merely the nature of the 
subject but also the nature of the child. Furtherj it must be flexible 
to suit the differing' nature, ability and needs of different children. 
Hence,any traditional method however best it may be,cannot be consi¬ 
dered as the best one unless it is flexible to accommodate for*the 
realisation of the broader objectives of education. In fact,the 
history of teaching technique is its progressive effort to extentllts 
scope and flexibility with the expansion of the objectives of education. 

There was a time when the nature of the learning process 'was 
not properly conceived by teachers and educators. It was thought 
that the mina of the child WO© like an empty pot and any thing could 
be poured into it. Naturally the method devised was simple. It was 
also thought that the child’s mind was like a clean slate and that 
anything could be written on it. This concept of learning also 
demanded a simple teachnlque for imparting that knowledge to the child, 
which the adults wanted. As a result of the above two dominant mis¬ 
conceptions of the learning process the teaching technique remained 
for a long time, crude and unscientific in its nature and narrow and 
dogmatic in scope. Today,the development in experimental psychology 
has thrown new light on the nature of the child and the v/ay in which 
learning takes place. Among those aspects on which new light has been 
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thrown by studies in psychology,the following are important j 

1, How learning takes place, and thought is 

completed', 

2, Laws of learning, 

3« The nature of the interests ana how they 
deve lop,'ai5Ei 

4, How attitudes and appreciations develop and 

5, How habits and skills are developed. 

II. 1. How children differ In their ability to learn 
fropi age to agej 

2. How their different interests try to mature 

at different periods in their growth and 

3. How iniividuals differ among themselves in 

their ability to learn, in their interests 
and in their aptitudes. 

The above contributions by experimental psychology have revolutionised 
the teaching technique. It is no more a cjjllde, simple act of telling 
but a scientific, flexible and complicated technique of dealing with 
children,with the purpose of assisting them in their effort to develop 
their entire personality. 

The third factor that controls the nature of the teaching tesahnique 
is the subject matter. The method that suited for the teaching oi 

literature or history may not suit the teaching of science. Even 
while teaching science the teaching of different topics may require 
different techniques. If lecture demonstration technique may be suited 
for the teaching a topic:; like osmosis,a heuristic approach may be 
essential for tiw teaching the indentification of the family to 
which a particular plant belongs. Similarly,the use of a film may 

be of -fketter value than tte ordinary lecture demonstration technlqi^r'e j 
for teaching topics of human physiologyjand the project method may 
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be more suited to teach the life history of animals. Therefore It 
becomes evident that the normal technique of teaching may have to be 
adapted according to the nature of the topic. 

Time is also a factor that is to be taken into account while 
selecting a method of teaching. Particularly^if the teacher has to 
cover the portion prescribed for certain standard and ii‘ the pupils 
at the end of the course have to take up a public examination,the 
teacher will have to resort to telling or lecture method or lecture- 
demonstration method. If the examinationswere to test the acquisi- 
tlon of knowledge or int'ormation ,certainly^that is advantageous both 
to the teacher and to the taught,from that particular point of view. 

But such a technique will not achieve some of the nobler objectives 
of sclexjce teaching. Yet tfiat is the best method to satisfy the 
requirements of the eEarainations, This does not mean that such a te¬ 
chnique of teaching science is to be followed by the science teachers. 
Rather,It is just to show how the time at our disposal controls to some 
extent,the selection of the teaching technique. 

Lastly ,the organisational and administrative facilities® the 
teacher enjoys® are also factors that go to influence the choice of 
teaching technique. The teacher,if he can command freedom with regard 
to the syllabus,he- can rearrange it to facilitate his way of approach 
and his teaching technique. He can teach a topic like malarial mos- 
quit® by the project method if there is flexibility in the schedule 
of work. In the absence of such a flexikility and adequate freedom , 
he has to follow the leacure-demonstration method. If in the schedule 
of work® single periods of 40 or 45 minutes each,are provided for 
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science work^he can adopt the lecture-demonstration technique{where 
as he can follow the practical or the laboratory method if he can 
have continuous periods extending over 90 minutes or more. If the 
teacher were to have sufficient time for preparation before each 
lesson^he can arrange to demonstrate a good number of experlmentsjand 
if he does not have that facility he rrgiy have to leave off some of 
those exi»rin»nts. Above alljif the teacher can have enough freedom 
he can try newer ana newer techniques of teaching and evolve suitable 
techniques for teaching pupils in his classes. 

By the foregoing it becomes clear that though itaugk there are 
a good number of methods for teaching science ,their selection and 
suitability depend upon various factors. Even after selecting a parti¬ 
cular technique it may be required to adapt it to the particular 
topic. While teaching certain topics more than one method may have 
to be followed. Flexibility in the msthod helps the teacher to adapt 
it to the farticular requirement. Freedom and skill on the part of 
the teacher help in the selection and adaptation of the technique in 
such a way as to achieve the desired goal at the minimum expenditure 
of time ard energy. 

As dealt with in the earlier chapters ^there db®ea number 

of methods which are usually considered in connection with the teach¬ 
ing of science. If the method of observation is suited to primary 
schools a more practical approach iray be necessitated in the middle 
schools. A lecture-demonstration method n&y be popular in higher 
grades of instruction. This aspect clearly demonstrates the fact 
that at different grades of instruction different types of teaching 






methods may have to he adopted. This is mainly hecaus© ol‘ the 
varying emphasis laid on the different aspects of the objectives of 
science instruction at different grades of Instruction. 

Since descriptions of the different traditional methods of 
teaching science are to be found in all thw popular books on science 
teachingj I ■will restrict myself to some of tne new features of the 
teaching techniques that are evolving in the field of science teaching. 

The Concept of Learning Cycle and its Influence on the Teaching 
Technique s 

The formation of concepts is preliminary to all kinds of learn” 
Ing. These concepts are stronger or weaker according to the way ®n 
which impressions are received. These concepts increase in meaning 
to the pupils as iurther impressions of the same sort but in an en¬ 
larging context, are received. This OTsely means that as learning 
progresses the concepts due to frequency of usage, become more and more 
significant and meaning ful to the learner. This may be Illustrated 
with flower as a topic of study. To the child in the primary school 
lower grad6^,the concept of flower may be something like a differenti¬ 
ated plant part with attractive whorls. In the next grade,the con- 
cept of flower may extend through the differentiated function of those 
parts. In the next grade,li develops to the realisation of flower 
as an organ to produce seeds for propogation of plant species. In 
this way the meaning of concepts will go on Extending year after year. 
This provides the strengthening of the concept on Hie one hand and 
extension of understanding on the other. 

The application of the above principle may suggest that the 
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sut>ject of scieiiue may be trught with a concentric pattern of 
approach to the subject„ Though this is a type of organisation 
of the subject-raatter^tne technique of teaching takes a new shape 
With this type of approach. Though the same topics are taught 
every year,they are treatea in growing elaboration and detail. There¬ 
fore tue method is such as to extend the horiaan of the concept at 
differeno successive grades oi instruction. This trend has Inl'luen- 
ced the organisation of the con'^ents to sfttt Its requtremeno. The 
general science course is commonly organised on this concentric line 
particularly, for rhe primary and lower seconuary grades of instruction. 
This gives scope for repetition of similar situations which help the 
growth ana scope of the concepts. 

Somatimes it Is stressed that the result of teaching must appear 
in the Charlie prouuced in the per sore, lity of the pupil. This merely 
means that in science anu othfar subjects,tue knoivledge learnt is not 
an end in Itseli'. It should rather influence the life of the pupil. 

In schools and colleges facts, concepts and principles are taught by 
one or the other method. nut the application of those aspects tu 
lii'e problems is frequently neglected. It is this dfefjficlency that 
makes the technique ineffective. The problem solving technique which 
has been mentioned previously,has been evolved in che field of teaching 
science ana other subjects just to complete the apove dfi^ficiency. 

Such a technique has been called by John Dewey as a complete act of 

A 

thought. The following steps of his teachMque may be mentioned here; 

a. Seasing the problem or difficulty; 

b. Analysis of the problem; 

c. Collecting evidence on the problem; 

d. Interpreting the evidence and 

e. Conclusion and application. 
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Though the above steps were invented for any act of thinking^they 
apply particularly well to the teaching and learning of science. 

Whether it is to develop in the pupils the functional understanding 
of facts, concepts or principles, ^or the growth in their raanipu- 
latory ability^ lor the growth in their ability and skill to tackle 
and solve a problem or for the developn®nt of their attitudes, inter¬ 
ests and appreciations ,the above procedure is quite suited. It is 
recognised as an effective approach to teaching and learning of 
science,both by the psychologists and by the science teachers. It 
provides for starting the lesson with an act of motivation; then 
we can develop the topic or demonstrate the experiment or direct the 

pupils to understand the facts or concepts or generalisations and 
"to 

finally apply those things to their particular problems. It is 

A 

the same ss the ir^uc to-deductive technique which is p/opular in the 
continental countries. It is the basis for the problem solving 
technique which is popular in America. The problem solving tech¬ 
nique which is p^fopular among the science teachers of Amerlcap' Is 
nothing but tte ordinary inductive with deductive technique or ±EDac 
inducto-deductive technique. But the whole process takes the form 
of a parposeful effort on the part of the pupils to solve a felt 
problem. The purpose procures the pupils' motivation and contributes 
for the maintenance of continuous interest for the learning. As it 
is a learning meant to solve their felt problem,it becomes meaningful 

to them. The slieps of the above technique are differently stated 
by different authors. Om pattern of the steps is given be lows 
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1, Exploring the unit; 

2» Experience getting'^ 

3^ Organisation of learnings and 
4. Application of learnings. ^ 

♦ 

The above ^teps closely approximate to the steps of the 
scientific method. In the contir^nt,the scientists simply state 
experimentj observation and inference as the steps of the method. 

When elaborated it takes the form of the problem solving technique. 

Whether we use the above technique as the sole method of teaching 
or bring in problematic situations within the lesson,the technique 
makes learning effective. Hence it can be comfortably used as a 
simple but effective method In teaching science. Whether we teach 
by the leeture method, lecture-demonstration method, the laboratory 
irethod, text-book method, the inilvidual method, the small group plan, 
the development plan or by any other rr©thod,lt is possible to introduce 
the problem solving spirit ana situations. 

In England it is v«ry difficult to give any traditional name to 
the technique employed for teaching science. One may wonder at this 
statement. But it is a fact. This is primarily,due to the teachers' 
unwillingness to conform to any set groove of the method. Secondarily^ 
it is due to the freedom enjoyed by the teachers which encourages 
fM® them to follow their own method. Naturally there is wide variety 
in the teaching n^thod aM approach to the subject. In the Grammar 
school the method of teaching that is commonly used is the lecture- 
demonstration method backed by laboratory work. Though they combine 
lecture demonstration with pupils’ laboratory work in the early grades 
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they are separated in the higher grades particularly in the sixth 
form, lii the lo\Jer classes the pupils 'will he provided with appa¬ 
ratus and appliafKjes to experiment and find out for themselves. To 
some extent the heuristic principle is held good even to-day. But 
the teacher wj 11 he there to assist the pupils. This is usually in 
the first half of the double period. In the second half^the teacher 
develops the topic. The pupils will be quite active because^the 
topic relates to the experiment that they conducted ^dst then. They 
will ask questions on points which they could not understand. The 
teacher also asks questions as aids to develop the topic. He may 
even demonstrate the experiment. Teaching aids like the specimens, 
working mode Is,charts and teachers own diagrams and other visual 
aits 'Will be used. The teacher will be exact in recording, observing 
and calculating. He guides pupils step by step,towards generalisa¬ 
tion. Invariably he guides the pupils to apply the principle or gen¬ 
eralisation to familiar problems of life, k very prominent feature 
of his technique will be the dictation of notes. Pupils also prepare 
their own notes. But the teacher’s notes will be more exact and 
elaborate. 

Lecture and laboratory work are separate in the sixth form. 

Pupils are well guided with regard to the purpose of the experiment, 

apparatus to be used, precautions bo be taken, tiings to be observed 

and the way of arriving at the generalisation. Printed or typed 1ns- 

Mirvh 

tructional sheets will be supplied to all the pupils. They either 
in pairs or in singles. The practical records will be corrected by the 
teacher and the pupils are asked to follow the corrections. 




I 
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With regard to the lecture class in science for the sixth foam 
the teachers invariably follow the college method. Demonstration of 
difficult experiments will be done in the classes. The simpler ones 
are reserved for pupils* own practical work. 

practihal/work. Some teachers do dictate 
notes even at this stage. But in all ^rommetr schools pupils will be 
asked to read standard books In the subject. Bigour of the scientific 
methodj wide reading and laboratory discipline are three things that 
attract our attention in llie method of teaching science at this level. 

^fethods of Teaching in Modern Schools ; 

More interesting features in the method of teaching science are 
to be observed in Modern schools. Most of the pupils leave the school 
after the 15th year of age and think of settling down in life. Further, 
they are all pupils of moderate ability. Naturally science to them ^ 
is a subject that is expected to help them in their practical affairs 
of life or to do some job better. Naturally the method of instruction 
will be to assist them in their above aspiration. Neither the rigour 
of method nor the laboratory discipline are going to Idiom large in the 
technique employed to teach them. 

The pupils of the modern school differ very widely in their 

\ 

ability to learn, to their interest and needs. Even in one class 
which is formed on the basis of their ability thei® will be pupils 

y 

with differing needs and interests. Some of them May have interest 
only in certain aspect of the subject. Sone of them mi.y h£',ve the need 
to study only certain aspect of the subject. The method of teaching 1114 




» 272 


subject Is so -adjusted as to suit the varying ability 5 interests and 
needs o£‘ those pupils, Naturally such a in©thod as to satisfy the 
above said differences,becomes individualistic In nature. Each 

tol-C 

pupil is^separately attendedio. If pupils almost of similar interests 
or similar needs^are to be found, they are grouped together for in™ 
structional purpose. In one of the schools, I visited, in Southern 
England five pupils in a class of 40 were interested in the working 
of a Radio receiving set. To them the teacher had started a project. 
They had to dismantle and assemble the parts. They expected to join 
a firm where that particular experience was needed. They did not 
study so much,of the other topics of science. The project extended 
over a number of periods. To a great extent the type of experience 
provided was mainly of a practical nature. The theori&tical aspect 
of the work was taught to a slight extent while learning the radio¬ 
craft as and. when necessitated. In another school in Midland a group 
of pupils were Interested in joining a firm that was connected with 
electrical apparatus. They were given instruction In the different 
topics of electricity. The whole topic was to be treated in a prac¬ 
tical way. Theory used to be taught to a slight extent. This 
combination of the minimum essentials of theorfitlcal aspect with prac¬ 
tical experience was the special feature of the technique. 

TcoLch’in^ 

Science.In the Secondary Technical Schools : 

The teaching technique does not differ^in the first and second 
forms^when pupils study general science as In other secondary schools, 
lecture-demonstration backed by pupils* laboratory work is ordinarily 
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followed in the first two forms. The real difference in the way of 
approach appears in the rernalning forms where science is invariably 
studied in the form of separate branches. Though the same lecture- 
demonstration technique,followed by a system of laboratory training, 

Is continued in the upper forms also,the illustrations, applications, 
problems selected for solving,are usually from the field of the trade 
for which they are specialising. As one of the masters said the 
teaching technique in the Tfeechnical schools particularly in the upper 
forms^ is such as to guide the pupils to have an insight into and to 
develop the ability of solving the problems in their particular field 
of vocation. This is becatse,every topic is taught in a technical 
setting. 

Special Trends In the EnRllsh Science Teaching ? 

1, Whether it is in the grammar school or in the modern or techni¬ 
cal school the depth of treatment depends largely on the abilities of 
children. For example,one class might decompose water by calcium, 

Clays 

magnesium and electrolysis, where as another^of less able children 
might use only electrolysis. Both the groups will realise that water 
is composed of oxygen and hydrogen,' But the abler children would 
have had a more rigourous training. It is this flexibility of the 
technique that has enabled the schools to provide education according 
to their ability. 

2, Activity forms the essence of English Science teachingjex- 
periments form the basis for the development of the topic. The pupils 
id the laboratory will conduct mil those experiments that are practicable 
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to them* The IMivldual gets first hand experience of the knowledge 
by his own efforts in the laboratory. So far as the individual is 
considered this technique is without a substitute* It provides a 
very good intellectual training and develops the habit of following 
a scientific method whether they are engaged in the school laboratory 
or in their out"Side activities, 

3, Experiments for the pupils of the lower grades are generally 
set in the first half of the double periods. The pupils take to the 
experiment with a Keuristic spirit. The laboratory is pervaded by 
the real spirit of research. The teacher follows a technique quite 
suited to assist the 'Young Research VJorkers’ in their effort. But 
the teachers are really liberal in their help and guidance to the 
pupils unlike the teachers who adopt a pure Heuristic technique, 

Before commencirg the experiment the teacher does assist them 

to state their aim but does not give out the result of the experiment. 

« 

Even those instruction sheets if supplied,will follow the same prin¬ 
ciple. The pupils are asked generally,to select their requirements 
from the store-room and they have to design how tney are to be fitted 
to corduct the experiment. If they find any difficulty the teacher 
will certainly, assist but not until the pupil finds himself in that 
'Cross-road' situation. Usually all those experiments that are to be 
coiiiucted by the pupils are so designed by the teacher that they are 
suited to their ability. Hence,the pupils can carry on the work of 
their 'investigation or research' with confidence and with a good pros¬ 
pect of success tool No doubt,the teacher may demonstrate the ex¬ 
periment before they commence. But he will not demonstrate in full. 

He will only Iniicate the line on which the pupils will have to proceed 
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He knows that to divulge the result of the experiment robs the 
exercise most of its value and maiies laboratory work a mere routine 
ti^riipulation of apparatus. The science practical programme is no 
doubt, continuous with the theory work. There is no diffirentiation 
of the science course into practical and theory except in the top- 
classes. But the practical programme is so designed that (qualitative 
experiments come earlier and quantitative later. This is just to 
procure the interests of pupils and also to cover the experiments in 
the limited time available. The course is thereby rendered suitable 
for the particular age group and their interests. 

4. Science programme in the English and Scottish Schools does 
give prominence to demonstration lessons. Though individual experi¬ 
mental work has great value it consumes a good lot of time. Hence, 
ii the schools were to stick on to that particular technique the scope 
of science programme will narrow down. So there is §1 scope for demon- 
stj^atlon lessons also. Usually^ the single periods are used for this 
purpose. The experiments for demonstration purpose will be very care¬ 
fully planned. Generally^those experiments that are beyond the abi¬ 
lity of the pupils are reserved for the teachers’ demonstration purpose. 
The experiments generally set a high standard of technique with a very- 
effective means of presenting the subject. Experiments that require 
costly apparatus or involve situations that are dangerous or those that 
require high mechanical and raanApulatory skills will also be reserved 
for the teachers’ demonstration table. 

Usually the lectures in science for the secondary school 
chilciren will not degenerate into mere talk. It Mhould be suitably 
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Illustrated, In addition, the leetirrer provides an opportunity 
for the pupils to acquaint themselves with the life and work of some 
of the outstanding scientists anu/fed enables them to appreciate the 
role science is playing in revolutionising human ways of living® 

The English science teachers lay equal emphasis both to 
their lecture-demonstrations ana to the pupils’ laboratory work® In 
fact, they have brought about a happy and profitable combination 
between tue two, 

The teaching ox topics of biological science is specially 
interesting in English ana Scottish schools* The depth of the topic 
is usually adjusted ou ohe ability of the pupils. Seasonal variations 
the indentif'ication of species, naming of plants in the nearest lo¬ 
cality, the study of the liie history of insects, frog and other 
familiar animals, etc., almost take uhe form of short or long study 
projects. They also set up control experiments within the school 
laboratory ana study the various aspects of animal and plant life. 

This is one of the ways in which control technique in the study of 
problems connected with life^Is taught to the pupils, While teaching 
biology the teacher makes the pupils understand that the principles 
underlying the life of animals^also apply to that of man, Further; 
the principleSjunaerlying the life ox" plants,are taught to the pupils 
bringing out tteir full implications for human life. Field trips and 
nature rambles are integral parts or the school programme in biological 
science. Visits to Zoos, birds sanctuary and museums will also form 
part of the programme. 

Another feature that can be usually noticed in the teaching 
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technique,is an effort to study structuce and functions together in 
the case of topics of biological science. No doubt,structure as 
such^Ss ir^aningless to the pupils. But v/hen it is to be learnt by 
pupils it is not for itself but for understanding its function. The 
purpose of descriptive biology,particularly structural biology^is 
always taught in close relation to tiheir functions. 

While teaching topics of Physics or Chemistry the teachers 
usually apply principles or generalisations to immediate problems of 
life. As they proceed to the higher grades the application extends 
to farther environments of the child. While teaching^the teachers 
use actual speciinons or appliances. They are supplecented by the 
teachers* diagrams and sketches. The special features of those draw¬ 
ings lie mainly in their accuracy and appropriateness. I^Iany a time 
the teachers get pamphlets and other literature from the firms, fac¬ 
tories, state departments or the community organisations that are 
connected, and make use of them as effective aids to teach. The 
teacher will also take the pupils to factories ana other firms where 
the particular topic is applied to human affairs. The commonly used 
machines, Instruments and other materials loom large in the 
fields of application.while applying the generalisations, formulated 
by the pupils. 

Usually the English parents do not like that their children 
should be asked to do home work with regard to any subject. But, 
they will not object if the so called exercises set, take the form of 
activies. Making use of this attitude of the parents,the teachers 

set exercises that involve some activities which on the one hand,go to 
enrich pupils'knowledge of science, and on the other to encourage them 
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same tin® it helps to develop their oral ability iii reporting. 

This helps to improve their language ability. Observing and record¬ 
ing are insisted by the teacher and particular attention is paid to 
accuracy and intellectual honesty in the laboratory v 7 orK. This is 
said to contribute for the growth of discipline in the pupils and 
subsequently*for the development of their character 

Some of the Activities undertaken to enrich Science Programme ; 

Activity forms the essence of the technique of teaching science 
both in England and in Scotland. In addition to pupils' laboratory 
work,a good number of activities, both inside and outside the school^ 
form- part of the science course. The pupils participate in the 
activities of the school science club. They take active part in 
building the school science museum which serves for the newer stu¬ 
dents both as a work of instruction and as a source of inspiration. 
Collecting scier^e information from news papers and journals^either 

I t 

for the sciencG club or for the science bulletin board forms a very 
valuable programme to create interest in their mind,in the progress 
of Science, During the school day celebration or the socials,an 
elaborate demonstration of experiments, their collected articles, 
specimens and other items of scientific interest will be undertaken. 
All these activities are carried out inside the school. In addition, 

many schools may maintain gardens and may rear soma pet animals too. 

u 

The school aquarium, vivarim and germination and budding sections 
will be interesting features of science activities. , Every school 
may also provide opportunity to the children to get engaged in 
scientific hobbles of various types. 
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Among the activities that are arranged outside the school^ 
visits to Zoos, birds sanctuary, sea-shore, htll-side^t^':^®’^ mines 

factories, etc,, may be mentioned. Pupils will also parti¬ 
cipate in Community Science Pairs and visit museums and birth places 
of great scientists. They are generally very carefully planned. 

They will hove a system of follow up work also. 

The above activities are to be considered as aids to teach 
science. They are planned in such a way as to .enrich the science 
course on the one hand,and to strengthen classroom instruction on 
the other. 

Sotne of the Familiar Aids used to strengthen Class Room Technique ; 

A ^of visual aids are prepared by the teachers them¬ 

selves for their lessons. Those aids may be charts, diagrams,graphs, 
pictorial graphs, column diagrams, statistical representations or 
photographs. Illustrations are particularly used to make teaching 
more effective. Sometimes,they will be indispensable when the 
specimens cannot be procured. In English schools, film projectors 
are commonly used. Arrangements for darkening the science room will 
be invariably foup. Film projectors are now available in th® mfiviky 
of secondary schools in various forms. The cini^raatograph projector 
is becoming more afd. more popular as it is more convenient to use. 

In teaching topics of plant, animal or human physiology,it is 
very difficult to demonstrate the chemical or mechanical actions taking 
place in the organ. Films are prepared depicting a good number of sue) 
topics. Similarly films are manufactured on life history of animals. 
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Hence these teaching films can be used as very effective aids to 
teach a good number of topics in biology. But they do remember 
that the biology lesson should not degenerate into flln'i“Show, It 
is only the tool,though it contains some materials of instruction. 

It should be used very carefully and in suitable context. The 
English science teachers do not give so much importance to these 
educational films as in America. They feel that those films are 
merely a ids or tools to teach an4 the main materials of instruction. 

Another important'aid that is frequently used,is Science 
literature. In the mork:et,one ■will find a good number of books 
written specially to suit the interests of school children. This 
scientific literature is only to strengthen clas&room science. It 
covers a-wide range of scientific knowledge and serves to sblmulate 
ana maintain pupils' interests as •fehey-^^rii^simple and attractive, 
Biographifisof scientists are also made use of as a teaching aid. VJhile 
dealing with the various topics of science the teachers draw the atten¬ 
tion of pupils to the lire and work of the particular scientist or 
scientists that contributed for the development of the topic. The 
pupils will be asked to read books on tbeir lives and works. Simple 
books on the life and works of a good number of scientists are avail¬ 
able in attrati've form in the market. The pupils purchase them with 
great interest and read them both for knowledge, method and as a 
source of inspiration for service to mankind. 

Conclusions 

By the foregoing,it becomes clear that the English schools 
introduce a spirit of research and investigation into the school sc lance 




prograM* No doubt/ithat research is not o±‘ an original type but a 
sort of creative learning for the pupils. This reminds us of the 
once popular Heuristic technique ol‘ Professor Armstrong, In America 
teachers rather depricate that it is foolish to place pupils in the 
position of discoverers. They rather,give to the science programme 
the colour of problem solving. It may be taught by the pisbject 
methodj assignment method, discussion method, laboratory or demons¬ 
tration method; the work set to Hie pupils will take the form of 
solving a felt problem. No doubt,pup11s are driven to the extent 
of feeling that IWe is a clustor of problems and every minute they 
have to solve those problems to live successfully in this world’,. 

The statement of objectives of the lesson also takes the form of a 
problem. Science, no doubt, is a problem solving technique. But 
it is more than that. It is not merely a method but also a force, a 
culture, an attitude, an out-look, an intellectual adventure, a 
romance and a legacy from the past and a responsibility to tiie future’. 
It is this human aspect that is important, In the English science 
programme we fina that better justice is done to these aspects of the 
subject, The students by such an approach to the subject,not merely 
become methodical and practical workers but also good human beings. 
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CHAPTER XIII, 

SOME OF THE HEGIECTED OBJECTIVES OE SCIENCE BDUUATIOH . 

Though the Philosophy oi Science Education upholds the develop¬ 
ment of a good number of outcomes in the pupils as its objectives, 
the science progremm© is generally directed to realise not all of 
them,but only tl ose that are usually measured by the examination at 
the end oi the course. The traditional examination tests mostly 
pupils* ability to remember facts. Naturally the teacher sets a 
very high premium on the technique of memorisation of facts, princi¬ 
ples ana concepts. In addition to those objectives there are other 
more important and. nobler outcomes of science instruction. Scientific 
attitudes, appreciations and the development of interests ana skill 
in problem solving are some of these more important objectives of 
science teaching. It is not purely the defect of the teachers’ 
teaching technique or the organisation of the science programme. 
Rather,it is the defect of the system of exsminatlon. If this system 
of examination is modified so as to measure the above outcomes of 
instruction also,certainly the teachers and administrators ■will re¬ 
orient the teaching technique and the science programme respectively^ 
to meet the demands of the changed system of examination. The present 
essay type of examination can measure only the pupils’ ability to re¬ 
member facts and principles. Attempts are however being made to 
invent scales to measure the remaining outcomes also. A day will 
surely,coji© when it will be possible and it will be necessary to 
measure those nobler outcomes of science instruction. The new type 
of objective tests uMer the modified system of examination,will 
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however be discussed in a subsequent chapter though they have yet to 
becoflse popular. Meanwhile this chapter will be devoted to a consi¬ 
deration oi those neglected objectives and the particular teaching 
juathods that help us to develop them in the pupils, 

1, The Development oi Scientific Attitudes ! 

Recent investigations by several research workers have resul¬ 
ted in the formulation^ of lists ol attitudes that are to be developed 
as a result oi science teaching. One such analysis,based on the 
study of the Committees of the Colorado College oi Education ana the 
John Burrough’s School, Clayton,has been reported in the Fortysixth 
lear Book of the M.S.S.E, Accordii^ to the findings of the Committee 

the science programme shoula foster and develop the following attitude 

1 

that go to modify the individual behaviour so that he mays 

1. Look for the natural causes, 

2. Be open minded towards work and opinion 

of others and informations related to 
his problems,’ 

3. Base his opinions and conclusions on ade¬ 

quate evidences, 

4. Evaluate techniques and procedures used 

and irn'ormation obtained and 

5. Be curious concerning the things he observes. 

The above behaviours are really desirable ends of education. It is 
clear that they can be best developed as a result of instruction in 
science. This particular course of study has decided advantages 
over other school subjects to train the pupils through concrete and 
material evidences. Anybody can say that such behaviours should de¬ 
velop as habits in the lii'e of the pupils. Development of any habit 
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requires rjisgorous ana sufficient exercise in certain calculated 
activity's Therefore the above behaviours will develop in the pupils 
only when suitable activities are provided for in the science pro- 
gramme. Taylor's learning studies have revealed that box'/ attitudes 
can be developed in the pupils. He says that attitudes are developed 
in the following ways;- 

1. When we assimilate assumption of the people around 

us or the points of view hela by our friends 
certain attitudes are formed, 

2. If certain circumstances were to bring about 

satisfying experience we develop an attitude 
favourable to that emotional aspect of the 
circumstances. 

3. Certain experiences with deep emotional effect also 

produce certain attitudes of mina, 

4. Certain objective attitudes are developed by an 

intellectual consideration of things, situations 
and circumstances. 

The above ways in which our attitudes are formed will indicate the 
way of particular procedure to be adopted to develop scientific atti¬ 
tudes while teaching topics of science. Since consistency in the 
nature of the environment increases the possibility of forming atti¬ 
tudes we should lay emphasis on all those sltuationiln the lesson 
that develop logical thinlcing, unbiassed assumption and careful re¬ 
cording and observing and cautio'sness in judging, etc. While the 
class goings on, the pupils may be made to participate to feel the 
satisfaction^arlsing out of tMjT effort. Sufficient problems on the 
principles arrived at,may be set. The pupils may be asked to apply 
them to certain problems. This provides plenty of opportunity to the 
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pupils to umerstand how, at tho intellGctual level, there is scope 
only for scientific attitudes. These are son® of the general prin- 
clples "we have to hoar in mind vhile trying to develop scientific 
attitudes in the minds of tne pupils. The science teacher should 
know '^hat are all the desirable attitudes that the pupils should 
adopt ana V7hlch ol them are to be developed while teaching science. 

The various Items that go to form the scientific attitude are listed 
in the previous pages. The list indicates that all of them are 
essential attitudes to be cherished by every individual of this 
scientific age. Whenever he gets certain situations he m&st make ihi 

op 

full use^them. In additMn to the teaching the pupils the _ 

W'- 

contents, etc.^he must also develop the particular behaviour pattern* 
which ultimately goes to develop scientific spirit. In a study con¬ 
ducted by Caldwell anu Leuideen it has been shown that pupils between 
12 anu 15 have unfounded beliefs about the natural phenomena and 

that belief makes them behave in a certain pattern wnlch cannot be 

3 

naturally scientificr 

Certain studies conducted by Lichtenstein have revealed that 

direct teaching failed to produce change in the pupils attitudes at 

this stage. He suggests that out-of-school experiences anu maturity 

-f 

of ideas are important in the development of attitudes. But his 
findings are opposed to the earlier,findings made by Curtis, His 
study had revealed that direct teaching does modify the attitudes of 
young people. 

Widespread studies In this field have been conducted by 
Hair, Goodson and Vlcklaiid and others. Their studies have proved 
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that direct teaching does modify the attitude. Onee again research 
studies have supported the findings of Curtis and others. 

Therefore research field has probably yet to conduct a number 
of studies before it could come to any definite conclusion. Till 
then ofcourse^ we cannot sit quiet. The familiar and. common sense 
methods of developing the same may be followed. Some of them are 
noted be low I 

1. Provision for ¥lde Reading ; 

The teacher may purchase a good number of books on general 
science suited to the particular age groups for the school science 
library or the school general library. He may maintain a list of 
those books with him. He may ask pupils now ana then,to read those 
books. He may even assign tnose books to read and report. If those 
books were to include historical and biographical aspects they will 
make excellent reading material. Those situations do emphasise how 
tne heroes of science worked and tne particular attitudes that moti¬ 
vated them to do research work. Hence it is essential that in a co¬ 
urse of science for general education,biographical ana historical as¬ 
pects of science must be Incluued. If suitable reading materials 
are not available the teacher may devote some periods for inspira¬ 
tional talk on the lives and motives of great scientists. Such a 
type of science programme is commonly seen in the English Secondary 
Schools as well as in the Schools of many States in U.S.A. 

2, Analysing Superstitions ana unfounded Beliefs.: 

Jfeny people in our country are victims of superstitions and 
Those beliefs and superstitions may be collected and 


other beliefs. 
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thtJ pupils may be asked to analyse ana explore their reliability. 
Children both at the primary and secondary levels show keen interest 
in the above survey ana investigation. The pupils may be asked 
to personally study the effect of such superstitions ana beliefs 
until they fim out whether they are true or not. Though this work 
may look like a stunt it really helps to develop in them the sclen» 
tific attitude which cannot be developed by mere talking about 
such attituues. 

Such superstitions and unfounded beliefs and traditions may 
be ©acalled while teaching related topics in science and, by material 
evidences, the pupils may be mad© to realise the fallacy of those 
beliefs. k continuous and frequent programme of tuis sort,builds 
and strengthens tneir scientific attituae or set oi mina, 

3. Laboratory Experiences to stimulate Scientific Attitude; 

A sense of respect for thy'cause axiu effect' relation,under- 
lies all aspycts of realistic attitude. Such a realistic attitude 
paves the way I'or scientific attitude. The pupils waile carrying; 
on experiments or subjecting observations to laboratory control,will 
frequently come to realise that every action in this material world^ 
is associated with a cause. From the beginning of an experiment to 
its completion the pupils have a good number of opportunities to ex¬ 
ercise theii- mexital process to develop the scientific attitudes. 
Particularly wnen ohe teacher insists upon certain amount of disci¬ 
pline in the laboratory worx these opportunities will result in the 
effective development of the scientific attitudes, Olear statement 
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of problem, careful devisiKig of the experiment, constant focussing 
of attention on the control and experimental factors, correct oh" 
servation, precise recordine, clear insigrht into the hypothesis, 
rigour of testing the hypothesis, cautiousness in generalising and 
universality in its application - are exercises that go to train the 
mind to set in the scientific attitude. The pupils must be trained 
to vjalt for sufficient evidences for basing their conclusions and 
to suspend judgment v/nen the^^ are noc forthcoming. Added to these 
they must be made to think that their decision is only on the basis 
of the available eviaencos and that it is to change as fresh e iriden- 
ces may demand. It is tnis open-mindedness that is the entrance- 
for the successful operation of the scientific spirit and 
attitude. 

4. Teacher’s Influence and the Class-Bcom Atmosphere ; 

It is the conception of modern educators that the teacher 
should not try to influence the children by his personality. They 
thinlc that such an attempt to impress his personality oiS the 
pupilSjretards the free development of their own personality in the 
direction designed by their innate tendencies. No doubt,there is 
plenty of truth in this statement. But can the teacher prevent him¬ 
self from doing tuis even tnough he wants to prevent it? Moreover, 

s 

even if he were to obftain from doing so what guarantee is there that 
the pupils will have better models on which they can develop? The 
superior and mature experience of the teacher may form the model which 
may help them to develop a good number of socially and individually 
desirable traits. Therefore, the educative practice while warning 
the teacher in his deliberate imposition of his personality on the 
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pupils,should certainly endorse his unconscious effort to assist by 
his examples ana acticm to set desirable standards for the pupils. 

This is more reasonable to expect In the case of developing certain 
behaviour patterns -which are supposed to be the behaviour patterns 
that positively contribute for certain desirable ends. In fact ,the 
greatest single factor that is responsible for the development of 
desirable attitudes^is the teacher who practices them day in and dayovt 
in his class-room. Such a teacher in addition to his personal 
example,can also create an atmosphere in the clsss-room congenial to 
develop such attitudes in the pupils. He will create opportunities 
in the class for fearless and friendly questioning on the procedure, 
data, hypothesis ana conclusion. He will also provide opportAnities 
to the children to question the authority, both of himself and of the 
books. He will also prevent pupils going emotional in their discus¬ 
sion. Similarly,he will keep aloof from the minds of the pupils some 

of the prejudices and intolerances. He will also see that they clearly 
distinguish between facts and principles and maintain an open mind to 
revise their decision if need be. 

Such an example of the teacher coupled with such an atmosphere, 
will go a long way in inculcating scientific attitude^ of mind. That 
is why some teachers state that the test results obtained in a laboratoi 
exercise is only minor where as their conforming to the laboratory dis¬ 
cipline is the real outcome of instruction. 

II. Developing Scientific Appreciationss 

Appreciation is always associated with understanding. If I have 
to appreciate the accuracy with which the parental characters are 
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transmitted to the offspring it is essential to know the raechanistn 
of heredity. Without such an equipment it will only he a blind 
adoration. Hence appreciation has to be developed in the pupils in 
close relation with the acquisition of their knowledge or understand¬ 
ing or scientific facts ana principles. These basic experiences, 
essential for developing appreciations, cannot bo developed in one 
period. This outcome of science instruction is a long range ob¬ 
jective. But every successive experience will assist to enlarge and 
enhance the meaning and unaerstandlng ot the appreciations. Though 
tne development of appreciations hes been an accepted objective of 
science education,it has not received the some attention of the 
teacher as the imparting of information or the ability to generalise 
and to ^apply. This may be due to the fact that primarily, it Is a 
long range goal and secondarily, it is usually considered to be the 
province of such curriculum areas as music, painting, literature and 
other fine arts. There is another reason also. Since it is a long 
range goal ana is likely to develop as a logical conclusion of acquisi- 

t 

tion of knowledge ,teachers may not evdnce sufficient and particular 
interest. Added to these reasons,the meaning of the terra 'appreci¬ 
ation' is not usually made clear in the statement of goals. Above 
all,no examination will ask questions in science in that particular 
area. These are some of theroasohS why 'appreciation' as an ob¬ 
jective of science teaching has not received so much attention in 
the schools as it should receive. 

One of the pioneering efforts to define 'Scientific Appreci¬ 
ation' was made by Alfred Hixon in an article entitled 'Meaning of 
appreciation' published in 'Science Education' in February, 1945, 
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He states that 'Appreciation, which involves both intellectual and 
emotional elements, is a sensitive awarness and preception of the 
importance or the utility of information in relation to other fields 

G 

and in the development of attitudes and tastes'. Hence it becomes 
clear that all factual ini'ormationsof utility and importance, form 
the bases for developing appreciation in children. These appreci¬ 
ations go to develop certain attitudes and tastes which have far- 
reaching consequences both on thefate of the individual and that 
of the nation. 

Since Scientific appreciation results as a result of imparting 
information^and as it is expected to evolve as the intelligent under¬ 
standing of the importance ana utility of those informationsexpands 
in the mind of the pupils^the teachers may concentrate their atten¬ 
tion to the imparting of the following types of inl'ormation; 

1. The life and work of scientists; 

2. The methodology adopted by great scientists; 

3. Contributions of science to promote health 

and to prevent diseases; 

4. The gigantic nature of the work done by 

scientific machines; 

5. The role science is playing in locating and 

solving some of the sociological problems', 

6. The importance of conserving animal, plant and 

mineral resources; 

7. Contributions of science to the raising of living 

standards and 

8. The potentiality of science either to revolutionise 

or to destroy our civilisation. 
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Methods 01 ' DevelopXnp: Appreciations s 

Th© vjay in which we assist children to appreciate the 
importance aM utility of science,depends upon the age of the pupils. 
This is 4n conformity with the earlier statements that the emphasis 
on the various objectives of science^varies from grade to grade, and 
subsequently,tne method of teaching also differs in different grades. 
Those methods are to be based on the interests oi the pupils and the 
objectives before us. The pupils at the primary school are inter¬ 

ested in stories of imagination, adventure and romance. This inter¬ 
est will have to be utilised. Their interests may be so directed as 
to form a powerful motivating factor for studying science. There is 
a good lot or material both in nature and in the field of human dis¬ 
covery and inventions to keep up th©ieinterests. VJhen the pupils 
reach the seconuary school stage^the ii* inrerests will shift from 
wonder, imagination and adventure to a more realistic approach to 
their nature, purpose ana how they have evolved. They snow a keen 

interest in the study of life of scientists, their motives, how they 

e 

worked, the difficulties they met, the tact with which they conqured 
them, the method they followed, their success and failure, etc. 
Naturally our science programme should provide for all these experi¬ 
ences. It is possible to include tnern in a course of General Science. 
The study of the safety lamp, the discovery of the cause of anthrox, 
popular expejiditions, firing the rocket to the moon, sending the dogs 
and apes to the inter planetary space, etc,, are items that can be 
comfortably included in thq^ourse. In addltion^all those land-marks 
in the history of science that have contributed for the evolution of 
human spirit,can be made as interesting as the above items and thus 
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can be made to serve tJti^ bases for developing pupils’ appreciation 
in science and ii.s role in huirem affairs^ 

The development oi appreciation largely depends on the avail¬ 
ability 01 suitably written books on science topics. Those books 
shoula be written in simple, clear anu attractive language. The 
technical terms anu technical situations may be limited to the un¬ 
avoidable minimum. The treatment must be artistic enough never 
unscientiiic. duch books are published inalarge number in America. 
It may be Interesting co note thut tUe titles given to those books 
go a lonf' vjay to attract the pupils* attention. The Story oi the 
ruck. Denizens oi rhe forest, You and Environn^nt, Life through Ages, 

Animal krlends, Plant friends, etc., are titles which create a desire 

of- 

to Study and a suitable background for the developraenL^appreclatlons. 

In tue top class-^'S of the secondary schools topics of socio¬ 
logical importance and implications may be included for study. Such 
topics as transportation and communications, hydroelectric projects, 
Irrigation works, river valley projects, atomic energy for peace, 
exploration oi chu inierplanetory space, cross-breeding, conduest ol 
diseases, etc., have plenty of scope for th« developraenl of appreci¬ 
ations In tne minds of the pupils. 

The development of appreciations through science instruction , 
will gradually result in the production of a new social order. The 
nation will evolve a new behaviour pattern at the aesthetic level. 
This change will certainly reflect both in our individual and social 
relations. It will also find its entry into the .domain of art and 
literature. In one word, the creation of such a society,the 




appreciation oi \i;hicti is developed on scientific lines will certainly 
Keep the nation in heirmony 'with the onward toarch of the industrial 
civilisation. 

Ill, Development of Scientific Interests : 

Interest is the mental disposition that is responsible for the 
mind to attend in certain particular direction. In otherwords, 
Interests help the inaividual to attena in a particular way. That is 
why Mcdovgal has said that interest is the attention at rest and 
attention is the interest in action. There are two main types of 
interests - Natural and Acquired, Pupils have a number of natural 
interests. These ns.tural interests will be always trying bo express 
themselves. Some activities will have to be provided for, to satisfy 
them. If those activities take the form of learning exercises we 
make the pupils learn at the minimum expenditure of energy. So the 
use of interest is always associated with the reduction of effort and 
subsequently economising learning. No doubt there will be secondary 
or acquired interests also. They will not provide economic situations 
for learning to start with. But such interests will gradually streng¬ 
then and begin to work as effectively ard as economically as natural 
Interests, 

Many studies have been made to find out chilaren's science in¬ 
terests. Trafton, Finley, Palmer, Downing and Zlra are some of the 
Important workers that have done some substantial work in the field. 
Their efforts have been responsible to undertake the organisation of 

science contents in accordance with the nature and maturity of pupils’ 
Interests. 
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If science Interests are the bases for the organisation of 
science conr,ents they are also the bases for evolving certain teaching 
techniques. For chllaren whose interests are urging to express 
trirough activities,passive listening will be very difficulL, T^is 
fact naturaily controls the type of teaching technique we have to 
employ in teaching science at different age levels as indicated in 
the earlier pages. 

While teaching any topic of science the teacher will have to 

bank upon the immediate interests oi the pupils. If the contents and 

on 

the way of approach are based^the interests of children they will 
attend to llie learning. That is why in every lesson there will be 
Introductory step to start with. This interest in action should be 
malntatned throughouc the lesson. It is likely that it will wane now 
ana then. It is necessary, therefore, to think of levelling i&p those 
interests again. It is for this purpose that at the end of every 
thought unit,there will be a short introduction or transition to the 
next stage. 

Interest Is to be considered from another point of view here. 

In the above paragraphs it is mainly treated as a means to an end. 

It is also an end in Itsell’. Pupils may develop deep and abiding 
interests in the subject of science. These interests may function on 
into their adult life. They may even be useful in their vocation 
or avocation in life. 

The tendency to restrict the opportunity of pupils to study 
only one or two branches of science in the name of specialisation,is 
harmful. It prevents them from developing their natural interests. 
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P^P.Claxton, the Commissioner for Education, U.S,Aexpressed this 
alarm as early as 1914,as that tendency was very strong everywhere 

in those days. So a course of general science is best suited for 

7 

children to develop their interests. 

Tho following are some ol the interests the pupils exhibit; 

1. Inter^^cst in the study of heavens; 

2, Interest in animal life; 

3. Interest in gardening; 

4, Interest in making things; 

6. Interests in collecting rocks, minerals; 

shells etc,; 

7. Interest in birds; 

8. Interest in the Chemistry of things and 

9. Interest in Photography. 

Pupils’ interests in the above fields when fostered properly,will 
develop in the school days ana continue to do so in their adult life. 
Some of the pupils may find it worthwhile to spend their leisure hours 
in those pursuits in wnlch they are interested. Thus the sceinc© 
teachers will have to consider that development of such interests in 
the school not merely helps in their learning activity in the school 
days, but ensure? them a hobby to serve as iteral for the worthy use 

' t) /> ' 

of leisure. 

These Interests in the school days may also take the form of 
'special bent' in one or the other fields of the sub;ject. Such inter¬ 
ests when properly provided for in the school days,will help the in¬ 
dividual to specialise in that particular branch in the University. 

It is to satisfy such a type of science interest that the elective 
science courses are provided for. But pupils at the top classes of 
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the seconaary schools frequently show a desire to study certain 
aspect of science which may be related to some vocation. They may 
have interest in boplcs that are closexy related to some careers 
like engineeringj medicine, agriculture, mining, transport, communi¬ 
cation, etc. The Educators, teachers and curriculum makers, while 
drafting the Science Prograrari^,will have to take into consideration 
the nature anu type of pupils’ interests and try to provide adequate 
opportunities to foster them. In the case of vocationa.1 interests it 
may not be possible to cater to the particular type of career. But 
topics such as to assist in that particular career may find a place 
in the science curriculum. 

With regard to the method particularly suited for developilifig 
pupils' interests it is very difficult to locate any definite method. 
We can only consider the general approach by which we can direct and 
foster pupils science interests. In this connection we may remember 
that the development of pupils' science interests dues not mean that 
we must make the science class a place of mere entertainment 5 but it 
should be a place where the pupils should be tempted to throw them¬ 
selves into worthy forms of activity. This provision must enable 

use cv.ndi-'^ 

them gradually to^establish those interests in the school days,and 
develop them in the greater world,beyona the school. 

The school science programme will have to provide for the de¬ 
monstration of some of the experiments to activate and develop the 
inherent interests in the romantic and adventurous aspectsof the sub¬ 
ject. But these demonstrations shall not serve the transitory pur¬ 
pose of introducing some stunt elements into the class room procedure, 
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They will become really interesting and meaningful only when they 
are demonstrated as part of pupils' effort to solve their felt prob» 
lem. It is in such a situation that the tendency of pupils to dis¬ 
close their activity in ever-developing patterns or forms wnll find, a 
wortn-while outlet. Scientific information$, discoveries and inven¬ 
tions, shill in scientific craftsmanship, etc., have a strong appeal 
to pupils' Interests, If these experiences were to be introduced 
while they are solving their felt problems they \\rlll be meaningful 
and even such as to enlist their admiration to the creative aspect of 
the human spirit that was responsible to build those cultural edifices 
It is hero that they can appreciate that ail those contributions,that 
fall under the august names of Truth, Feauty and (^oodness_,have come 
to tnis world through the human effort. 

Any method will have to make use of interests to start with as 
a tool to acquaint the pupils with the existing wealth of human 
achievement. This is the conservative aspect of the technique in 
developing interests. As experiences grow and organise into systems 
or patterns,the pupils' interests become more expressive, thus finding 
newer channels for their creative expression tnrough activity. So 
the development of interests Involves two faces. Firstly, those 
interests will be made the means to an end namely to acquaint the 
pupils with the wealth of science. Seconda.y,they will form themselve 

the end points and•acquire the power of creative activity which may 
form the original contribution to human progress. In other words, 
the native interests of children which in their original nature ex¬ 
pressed themselves in the crude movements of mini and body, gradually 
grow into creative activity. The technique employed should make use 
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of their interests ±*irst as means to an end ana later on to develop 
those interests tnemselves as the enl points. 

Problem solving method certainly^can enlist a good number of 
interests oi the pupilsJ db is because, that activity is a complex 
process involving a number of processes each one of which may depend 
on one or the other Interests. The strength or the force of the 
purpose behirsi the pro;]ect,renders additional Impetus for those in¬ 
terests to get activated. Moreover,the various steps of that tech¬ 
nique, namely, defining the problem, devising the experiments, record¬ 
ing, comparing the facts, postulating the hypothesis, testing the 
same ana finally the conclusion « are all thrilling and adventurous 
in nature. Hence they contribute for the animated expression of* the 
concerned interests. They also serve as exercises to extend their 
scope as a preparation on the part oi pupils to shoulder their future 
responsibility. 

bith regard to the development of interests it is to be noted 
that many of them reach full development in the secondary schools and 
naturally the science programme should provide suitable facilities 
for their expression and further development. 'i'’or fostering such 
Interests the science clubs are suitable devices. Natural^ History 
Societies are also of the same nature. In big schools separate clubs 
may be started to cater for the different types of science interests. 
Such clubs as Photographic club, Radio club, Horticultural club, Birds' 
migration club, Consumers’'club. Forest conservation club, etc., may be 
organised. The activities of these clubs when properly organised and 
conducted,will go a long way in fostering the science interests of 
pupils. 
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Technique l‘ox‘ Developing; Problem^Solyine; Ah-tut y s 

Another neglected aspect ol‘ the outcon^s oi' science teaching 

is the ability t)o solve problems# The present society has become more 

anti 

complex than ever before^as such tne situations present problems at 
every step and demand their solution as a necessary part ofonVs duty 
if :he has to live successfully in such a society. > Since this com- 
plexity has been mostly due to the advent of science and technology 
it becomes eviuent that such a skill am ability should be developed, 
as part of science instruction. This does not prohibit orher sub¬ 
jects from doing it. Nor does it mean that they are exempted from 
discharging their responsibility in this field. It is only to say 
that it can be best done while teaching science,as pupils are Idkely 
to face in the society problems similar to those that are placed be~ 
fore them for solution in the science c]^ss. Added to this, there is 
an additional advancage of solvdsng the problems with material evlden» 
ces in science classes. That is why science is sometimes associated 
witn problem-solving work. Hence it becomes essential that the schoo] 
science programme will have to provide plenty of exercises to train 
the pupils in their sbility ana skill to solve problems. 

Science provides ample opportunities for developing skill in 
the inductive and deductive lir^s of thinking. On the former line, 
the pupils will have to exercise their skill and ability in the art 
of drawing inferences on the basis of the collected ev.ldences. On 
tne latter line^they have to react in learning experiences that demand 
the application of the generalisation or the principle, found out, to 
solve some familiar problems or interpret, unique and new situations. 
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Moreover, in every lesson, though taught hy any oi the method, there 
will he scope for bringing in problematic situations that challenge 
pupils' ability and skill. Whether it is used as independent teach¬ 
ing technique or applied to part or parts of the lesson or to other 
activities connected vith the school science programme, it should 

L 

be remembered that tne pupils will have to exercise their sill and 

A 

ability in many directions. It is this provision that serves as a 
programme for training them in tfiielr ability and skill to solve prob¬ 
lems, It may be useful to elaborate here that technique ana its 
different steps. 

Steps of the Technique s 

1, SETTING ME PRuBLEMs The pupils develop skill and ability 
in problem solving only by actually participating in solving problems, 
The teacher will have to plan his instructional work for each lesson 
in such a way as to provide for the setting of some problems. The 
pupils partici-ate with interest in the work,if those problems are 
worthwhile and arise out of their immediate environment. It is also 
essential to enlist their co-operation in stating the problem. The 
problem may be stated in such a way as to take the shape of a defi¬ 
nite activity. The activity may take the form of exploration ox"’ a 
situation or reading a number of books to find the raw materials to 
start with. While stating the aim of a science lesson it may be 
stated in the form of a problem. This procures both the interest 
and the motivation of the pupils. Usually,tne problem_should be 
stated by the pupils. But the teacher should invariably assist the 
pupils to give a suitable shape to the problem. He must also see 
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that the prohlem is suited to their age am mental maturity. It 
must also be possible for the pupils to solve the problem within 
the available time anu materials. Selection and statement of 
problem should enable the pupils to know what type oi activities 
lies before them, 

2, ANALYSIS Ok 'iHL R-tOBLuiMs Statement of the problem should 
be followed by the teacher's acquainting the pupils witn the method 
oi solving bha problem. Part of that method becomes the analysis of 
the problem. It may be analysed into one major and one or more 
minor keys. This is essential to enable the studenbs to know\4hat 
books they have to consult, wnat field trips they have to undertake, 
what experiments they have to set. up or vjhat experts they have to 
consult ,to get the required information. Whether it is the major 
key or minor keys ic must be clearly and crisply defined with suitable 
words, 

3, COLLECTING LVIDBNCLS: It is at tnis level that the 

pupils acquire the real skill. They have to collect necessary ma¬ 
terials from different types of sources. While exercising their skill 
in the different spheres of science ini'ormational sources they will 
not merely Increase their experience but also sharpen and improve their 
skill ard ability in collecting relevent Int’ormation, They have to 
be careful in collecting only such information and materials which 
will help them to solve ttie problem before them. The teacher should 
Inform them that they have to collect information to meet the differing 
and varying aspects of the problem, 

4. INTERPRETING THE DATA; When once the relevant inx'ormation 
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is collected,the pupils 'vjill have to be set to ponder over the same 
after organising the same in such a vjay as to make the unuerlylng 
relation apparenx. The pupils reflective thinlilng commences here 
and this act is not a simple act but a complex act oi many skills. 

The teacher may assist -nhem througn his ■well directed questions to 
break that complex into simpler ones^su that the pupils may be able 
to make reasonable interpretation ox the data collected. This abi¬ 
lity to incerpret aata may be analysed into the following specific 
abilities ? 

1. Ability to distinguish between tacts ana 
assumptions; 

k. Ability to locate consistency or otherwise 
in data I 

3. Ability to recognise the fundamental relations, 

underlying the data5 

4. Abilit:y to generalise the various types of 

apparent relations^ 

5. Ability lo interpret the problem on the basis 

of tae generalisation ai::d 

6. Ability zo appxy principles to new situations. 

The above techniqutt as stated alx’-eanyycan be used for teaching 
a good number of topics in any branch of science. Even though this 
particular name is not used,a good lesson does follow the steps of 
this cechnique, consciously or unconclously. It provides plenty of 
opportunities for developing the pupils' skill and ability in solving 
the problems . 

It is essential that the above outcomes of education which are 
usually neglected should be aimed at as worthwhile objectives of 




science education. Mere impartin:^ oi ■ini'orraution is only one 
aspect 01 uie objectives oi science teacliin'?. The I'act that, due 
to one or tue oLti<or reason.., the teachers concentrate on mere 
irapartini., oj. iniurinations to the pupils,has made science a mechanical 
subject. When rhu aoove nobler objectives or science education are 
also insistea, the subject looks more human and cummams greater 
presti£;e as it is intimately related to mankind and incessantly 
influences its ways ol living. 


@ 
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CI-IAPTEH 2IY 

b 

Deslpinlng and EquipiJng the Sohool Science Rooms , 

I'lhethor It is in the primary or the secondary school the 
first essenti.r. 1 for teaching science is the availability of adequate 
space. 'this demend is shared by few other subjects in the school 
curriculum. The fact, that there is no substitute in education for 

first hand experience, particularly so with regard to science educa- 

1 

tion, makes the availability ox space a logical necessity. It is on 
this •'■roblem that the success of a school science programme depends 
dits the best typo oi programme has to provide a good number of activi~ 
ties to the pupils. In addition to this a considerable amount of 
time in learning science is to bo devoted for experimentation of one 
sort or another, and as such every school has to ensure ivhile cons¬ 
tructing: .sufficient building space for the science block. 

It is essential that science teachers should acquaint them¬ 
selves with the type and area oi accommodation required for their 
subject programme. Many a time the engineers and the educational 
officers approach the science teachers on the spot for details regard¬ 
ing the designing and equipping of science rooms. 

Usually in every secondary school in India,there is a common 
general science programme for all the children. In addition, those 
who select science as an elective subject,will have to study separate 
science subjects like physics, chemistry, biology or botany or zoology 
®tc. Therefore, it is essential, while building new schools, to 
design the general science laboratories as well as laboratories 
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separate science subjects* Laboratories are to be d,iff 0 rent|ty 
designed and. differently equipped for those different subjects,The 
problem comniands greater attention both on the part of the teachers 
and administrators. 

In all matters of educational organisation America has 
attempted to evolve objective principles after study and investiga¬ 
tion, Therefore it may be interesting In this connection to know 
some of the basic principles that are set forth by the National 
Society for the study of Education in Its Thirty First Year Book* 

A few of those principles that may be of help to us for designing 
and equiping science rooms are reproduced herei- 

(1) A scioncG-room is one where pupils may receive 
educative experiences which add meaninf;s to and 
give better understandings of those generalisations 
of science that contribute to enrichment of life 5 

(2) Science-room experiences are justified from the 
science curriculum, courses o.r study and learning 
experiences to be expected of pupils; 

(3) A science-room is one where the experience or 
problem solving is also possible; 

(4) The plan and design of a science-room must provide 
elen^nts of flexibility; 

(5) The design of both class-room and laboratory should 
provide for effective teachers* demonstration work; 

( 6 ) Science room should provide facility for individual 
laboratory work. 
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(7) There must be provision in the science rooms 
to provide certain facilities for objectifi¬ 
cation by means other than the use of concrete 
materials (Black Boards Bulletin Board 5 Display 
fixtures, Visual Aids, etc., etc,)', 

( 8 ) The planning of science rooms and their equipment 
should be a co-operativn project in which the 
engineer,the educational supervisor ana the 
science teacher, each, play a proper part. 

The above prirKiples Indicate that the school science block 
must have both accommodation andihelilties for the following aspectsi 

1, Teacher's demonstration work, 

2. Pupils' inlividual practical work, 

3, Space for keeping the necessary equipnent 

both for pupils' individual work and 
for teacher's demonstration work, 

4. Flexibility in equipping of laboratory 

and lecture demonstration hall so that 
they may be useful to different types 
of science courses. 

Keeping the above facts in view we may try to consider the designing 
and equipping of the' school science block. 

For ©very school there is need for a science block consist¬ 
ing of a store room, lecture-demonstration hall ana practical hall. 
For a long time science was taught in our secondary schools in the 
form or physics, chemistry and biology. In accordance with this 
differentiated nature of the subject^ separate blocks were 
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provided Tor the separate "branches oi science^ In recent days, 
an lntegro.tcd general science coui'se is being introduced in all the 
seconoary schools am tlmt forms the minimum and compulsory science 
education for the secondary school pupils. The principles under¬ 
lying the general science course ,deniand that it should he taught hy 
one teacher, in one method and as one subject. We may also state 
that it should he studied in one room. Hence it becomes necessary 
to thinlt O' designing and equipping one common scierpe block instead 
of separate scienco blocks for separate subjects,in each school. 

Thcj secomary schools v/hichare now coining to shape in the 
new set up arc designed to provide education for a period of four 
years after seven years or primary education. The upper classes of 
the seconaary schools will have, in addition to general science, 
elective scienco courses. It may be a course in physics or chemistry 
or biology. Naturally for specialising in any branch of science there 
is need for special laboratories for the separate branches.of science, 
■which are going to be studied for specialisation. 

As per the reorganised curriculum for the primary schools, 
science in its general form,is a subject to be studied right from the 
beginning to the end. Naturally we have to thinlc oi a science room 
for every school. Most of our schools do not have adequate building 
facility ana nothing that could be called a science room. This is 
because of the fact that till m very recently all schools had on]y 
nature study and science was not included in their curriculum. So, 
we have to consider the design and equipment of primary school science 
room also. 
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j rtonit>lQ6<3. opngnon LEboi^tory for General sdsnce in saconc^ry Soh.ools; 

There Is a growing tendency both In England and in America, to com¬ 
bine ths theoretical and the practical aspects of the general science 
programme. In addition,acommon laboratory is being used for general aoi- 
sno0 prograimno instead of special separate laboratories. These two tend¬ 
encies have led to the designing of a ccmblnad lecture-demonstration- 
laboratory hall to suit both the teacher’s demonstration talk and the pu¬ 
pils' practical work. Such a plan will ensure not only economy but also 
an atmosphere of science in the demonstration hall, it also dei/elopa a 
sense of the unity of science in the pupils. Such a combined common sci¬ 
ence hall Is particularly suited for smaller schools. Some of the designs 
of the combined lecture-demonstration-laboratory halls are described belowj 

1. The Combined lecture-demonstration - laboratory hall suggested 
by Dr, tlfaltehouse ; 

Any plan for the science laboratory, should be as economic as possi¬ 
ble, particularly so in India, Keeping this fact in view Dr.^iVhitehouse 
suggested a plan for a combined lecture-demonstration - laboratory hall for 
the secondary schools of Punjab. It consists of a long hall, 25 feet wide 
and 45 feet long. Ab one end of the hall seating arrangement la to be made 
for forty pupils at dual tables. This is the lecture-demonstration sec¬ 
tion. At the other end of the room work-benches or tables are to be ar¬ 
ranged to accommodate at least, 20 pupils for practical work. 

The 1 ecture-demonstrat ion section can be used by the teacher for the 
whole class of 40, in its entlerlty, during his lecture-demonstration. 

During that period, the section of the hall intended for pupils' practical 
work, Is to be kept \ra,cant. During the practical hours, tbs hall can he 
Used by about, 20 pupils for their practical work. During that time , the 
locture-demonstrat ion section is to be kept -vacant. Though the hall can 
he used both for teachers' demonstration talk and for pupils' laboratory 
activities, only one section of it can be used at a time. But, the spe¬ 
ciality about this plan is that a single room serves double purpose. In 
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addltlonj breadth of the hall is reduced thou^ the length is incre¬ 
ased. Norinally, to accommodate 40 pupils, a hall, 40 feet long and 30 ft. 
tread, will be req.u.lred. It is costlier to construct a hall with a span 
of 30 feet than to construct a hall wlbh a span of 85 feet. 

The above type of science ball has become popular in Punjab and not in 
otter States of India. 

2. A Science i^oom to accommodate 20 or 25 punils; 

In a number of States in India regular provision for practical work in 
science is made only for those pupils who study science a s an elective or 
optional subject. In the new set up, schools will have to allot only 3 or 
4 periods per weak for general science. Therefore, it may not be possible 
to think of separate practical work for science pupils, unless we can in¬ 
crease the number of periods per week. Even when we increase the number of 
periods, it nay not be advisable to differentiate one froiii the other. But, 
m cannot teach science without making some provision for pupils' activiby. 
So, we have to oomblne teacher's demonstration talk with pupil?'^ activity. 

The science-room where the teacher gives his demonstration talk must also be 
suited for pupils' activity. While the pupils are aoblve the teacher^ will 
have to attend every one of them individually. This is possible if the 
size of the class is reduced to 20 or 25. A convenient plan for a corabixied 
science room which can serve both as a lecture—demonstration hall and as a 
hall for pupils' own activities, is elaborated below: 

A hall, 30 feet long and 25 feet broad,may be suited for this purpjose, 

Two rows of dual tables, with six in each row,will accommodate 24 pupils. 

They can sit and attend to the teacher's demonstration talks. The tables 

will provide ample writing space. The space will also be ada^uat© for pu- 

pupllg' practical work. A convenient size of the dual table is one of 3g 
feet long and it feat wide, with 2 feet high. The top of the table may 
he placed at a sufficient height, to permit the pupils' knees to be accom¬ 
modated, while sitting. Suitable chairs may be used as seats for pupils 
to sit. Sinks may be provided at one conner of the hall. A teacher's 

<fsiiionstrat ion table, 6 feet long and 2i feet high,may be provided. A wall 
octneixt-black-bc®rd of 10 feet long a nd 4 feet broad,may be provided. At 
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I;li0 other ©nd of the room provision may be made for keeping germinating 
130X09» aQ.uarlura, museum, etc., on raised tables. Work space may bo prO“ 
vlded at th® sides. Separate doors may be provided for entrance and exit, 
The tall may tnv© an attached store-room (igi x 25«). This room my be 
partitioned so that l:alf of It may serve the purpose of a preparation room® 

Intigg®^ schools there my be another science hall of iiie above type on 
the other side of the store-room. Then, the store-room with the prepara¬ 
tion a ppart me nt, will serve for both tl& halls. 


3. A flcanblned Lecture-Demonstration - Laboratory Hall for 40 Pupils. 


It is suggested above ^ that the size of the science class may be redu¬ 
ced to 25, so that individual attention and scope for activity for pupils 
maybe possible j but it involves additional expenditure of a substantial 
nature. Hence, at least, till it becomes a possibility, we have to retain 
the class size as 40, Therefore, we have to think of a combined lecture- 
demonstration - laboratory plan for about 40 pupils, to provide both for 
teacher's demonstration talk and for pupils' own activities. Keeping the 
above requirements in view, the following plan is .suggested for the purpose, 

3 Q (f UruaiL^ « O ^ 

This plan consists of a hall of 40 feet ^teacher • s dmonstratlon table of tl© 
above description is in one end. Behind it, a cement concrete wall-black¬ 


board may be provided. In front, seating accommodation is to be made for 
48 or 42 pupils at dual tables of the above description. They may be ar¬ 
ranged in four rows, six in each row, or in three rows, seven in each row. 
The provision for sink, balance recesses, work space, aquarium, germination 
section, etc. maytiSiso be made. The dual tables may be equipped with ^s 
and electric heads if the ..supply of the same is available in .^locality, 

diitiy} Ore wI/v^maCc oUaxI . 

Construction; 


Whatever the plan of the laboratory may b©, certain common principles 
are to be observed while constructing the same. The floor must be smooth 
to facilitate easy TOshingand cleaningi seating accommodation may be ar¬ 
ranged near th» windows to ensure aide lighting to the work-benches. If 
Ms is not possible, the work-benches, work spaces and the teacher's demon- 
atratlon table may be illuminated from the top; wind/ows and doors may 
open outside. The window cHls may he used for keeping things. The 
windows may be fitted with window blinds to darken the room whenever 
acessary, 


Furnishings 

There may be a space of 5 feet between the wall and the demonstration 
tatile. Raised platform for the demonstration table is not adlcisabl© and 
it is being avoided in all the progressive countries. The size of the 
(iemonstratlon table may be 6' x 2^'. The^dual tables may be preferred to 
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dual benches as tlia top of the former is nob inclined, and provides 
greater viC’itJng space. Dual tables of 3^* x 1^-* in dimension may 
be comfortably used. 

If work benches ar© to be used, the benches of the common dimen¬ 
sion, namely 6> x 3^' x 3* may be used. Each of them will' accommodate 
four pupils, When the class size is bigger it may be necessary to 
group them in two or three to accommodate for activity, all at one time. 
It is however not convenient to use that hall for teacher’s demonstra¬ 
tion talks. 

The sclence-rooms and science laboratories may be so constructed 
as to ensure a working space of 30 to 35 square feet for every pupil. 

It may be advisable not to provide sinks to the pupils' tables but to 
provide common sinks, A galvanised iron tank may be built at the top 
of the room to ensure w]?&kt 0 r supply, Pipe will lead from it to the 
sinks. 


Recesses maybe built in walls for balances. The recesses may 
be one foot in width. 

Six alml.rahs may be provided to store things. The size of the 
almirahs may be 7’ x 5> with 1^’ deep. 

Se-parate Laboratories for Different Branches of Science; 

In bigger schools particularly, for specialist students, it maybe 
advantageous to plan for separate laboratories. Laboratories for physics, 
chemistry and biology may be separately designed. In addition to the equip¬ 
ment suggested for general laboratory, the physical science laboratory may 
have to be furnished with storage cabins, window benches, window cllls, 
balance stands, etc. The chemistry laboratory will have to be flirnJahedwife 
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fuwslioou VJJ.tu V blou'‘'r system to roraovo poisonous gases .Crom the fumo- 
hoocl. If it is bho hiology laboratory, sections for aquariumj viva¬ 
rium, germination otc*, will have to be providecI„ 

Stock III om : It is possible to have materials, apparatus and 

chemicals to !'■ stored in the laboratory itself. Sorae schools in the 
west,both in the continent and in U.o.A.,dc store like tnis. But it 
is advisable' tr- have a separate stock room adjoining the laboratory. 

By this we prevent the pupils from being tempted to meddle v/itb the 
costly and dangerous substances in the laboratory. It will also pre¬ 
vent unnecessory loss by damage to the science section. 

Where there are separate laboratories one for 'ohysics and 

another for cheiilstry,ifc is advisable to use physics laboratory for 

physics and biology practical classes ana chemistry Laboratory for 

chemistry practical classes only. Because physics laboratory easily 

yields for purpose of biology work and chemistry laboratory with its 

special fittings, furnishir^s and design is not so flexible. The 

latter must be at the side of the school building so that the raiidHEffis: 

odorous and other smell may go away in the prevailing wind. If the 

school building has two floors the chemistry laboratory may be in the 

upper fib or, 

I T e ho.n.R.'l lb n Roovn 

There msy be a preparation room attached to the laboratory or 
‘ science room. If it is located between two laboratories or science 
rooms,it is possible to use it for two classes and at the sane time, 
we may prevent teachers and pupils disturbing others. This is usually 
the case with science rooms in new buildingsjbuilt according to the 
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Ministry's peculations in UJC. 

In the laboratory meant for pupils* biological work artifi¬ 
cial lighting will be necessary for conciuctin^i dissection, microscope 
work, etc* A separate light may be provided to each of the dis¬ 
section table* It may be so provided that it can be adjusted uaefulVf 
even for observing specimens unuer micsroscope. The room may be illu¬ 
minated with electric light so that while working at the table pupils' 
shadow shall not cover their table. A separate light may be fixed 
td illuminate the blackboard. 

Adapting existing Laboratories and other Rooms : 

In India,till now,most of the States had physics, chemistry 
and biology as three different aspects of general science in the se¬ 
condary schools. The courses of study have been revised in all the 
states giving place for a general science course. The laboratory 
designed formerly for one or the other branch of science requires 
some alterations so that it mayUused as a general laboratory. 

While converting the special subject-laboratories,it must 
be remembered that the minimum common essentials both with regardj^ to 
design ana equipment^should be retained. As far as possible chemistry 
laboratory may be retained as such if there are more than one labora¬ 
tories. Because it is not economic to convert a chemistry laboratory 
into a general laboratory. A good lot of unnecessary alteration have 
to be made and thus It involves heavy wastage. Side tables may be 
used alongside the walls to provide space for aquarium, vivarium and 
germination sections; lighting from above downwards on the work benches 
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may fac5litate dissection anu other biology work. 

During the last decade there is an enortaous increase in the 
enrolment in^seconeary schools of India. But the extension oi* build- 
ing facilities has not taken place on the same scale. So,a number of 
schools may not have laboratories. Some times class rooms or other 
rooms will have to be converted Into laboratories. As this is un¬ 
avoidable, we may rcmeimber the following principles while adapting class 
rooms for science roomsj 


1, The rooms shoula be big enough to ensure both 

discipline and efricien 6 y; 

2 , Sufficient light suould be ensured. If that is not 

at all possible they can mafe .0 the rooms ter by- 
using aistemper or white wash. Artificial illu¬ 
mination may also be made 5 

3. Sufficient ventilation may be ensured; 

4. Store-room, efficient drainage system should be 

provided; 

5. A piped water supply will have to be made; 

6 , Other minimum essentials to ensure safety ana 

healthy environment are also to be enforced. 

The size of the room must be adequate to accom¬ 
modate benches, cupboards and shelves and tables. 
There must be at least 26 or 30 square feet for 
each pupil in the class, A preparation room 
or space must be available in the room or in 
another room attached to it. It must be about 
200 square feet atleast. There must be an 
adjoining room for storing if the laboratory 
does not have adequate space. The store must 
be atleast 16 feet*# l 2 feet Each 

room should have more than one exit. 
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Adapting; agy class-room as a Demonstration-L e cture Room s 

In many or the secondary schools in our coumjry the strength 
ot pupils has iar exceeded the capacity or the building. 

This is particularly true v;ith the science block. As a result a 
number ol classes in science will have to be held in^same periods. 
KaturaTily the terichers will have to carry all the apparatus and 
appliances to the above room. Wo doubt,^urning such rooms into 
science rooms our pupils will be 

denied the laboratory facilities ana the opportunity of doing adequate 
practical work. Yet it is vnavoldable, As the problem is not very 
easy for the administrators to solve the teacher will have to shoxvf 
some patience anci adaptability. 

A tripod stand an<i a longer table may be kept in such rooms 
where frequently,science classes are to be held. The apparatus, 
chemicals and appliances required, may be carried in large trays. All 
the windows and doors may be generally kept open,facilitating easy 
escape in case oj dangers. If there is a platform for the teacher 
it may be removed ana replaced by a longer table. 

Some of the necessities like water, sinlfs, electricity and 
gas connection (if available) may be made if a room is likely to be 
used for science class. 

A ‘Science Room' Programme for the Primary Schools of our Country j 

Science is being introduced into our primary school curri¬ 
culum only from a couple of years or so. The Basic Education scheme 
had included general science for pupils between 6^ to 13-+ , But the 
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problem ol having a laboratory for thu purpose was not so much 
tachlod in that connection* Therefore fresti efforts are to be made 
to design a suitrble science room or laboratory for our primary schools, 
This does iioc mean that a hard and fast design should be invented 
to the schools of the entire country. It merely indicates the need 

ot 

for thinl?;iiii ox a suitable type oJ‘ science room ^laboratory for our 
primary schools. 

The number of primary schools is too high in every State to 

'A ^ 

thinl'i of equipping our schools witn science rooms as elaborately^^we 
notice in other countries. The cost of such a scheme will be pro¬ 
hibitive for us. Moreover ,we have a good number of other problems 
to face in the field. Hence, the design axid the nature of equipment 
should be such as to incur very little additional expenditure on this 
account. Most of the schools are located in the rural area where 
neither electricity nor gas supply is available. Even water is not 
supplied from a central ten^jn-water-supply system. Hence the design 
and equipment will have to be in accordance with the above environ¬ 
mental conditions. Further,the up-keep and maintenance of the same is 
squally a serious problem. The cost on that account also, must be 
kept at its lowest limit. Taking into consideration the above facts 
the following type of science room is suggested for our primary schools 
Trfhich give education to the boys and girls upto 13th or 14th year of age 

Many oi' our primary schools are s ingle-teacher schools and the 
school buildings are of single-room type. In that open hall all the 
Glasses of the school (4,5,6,7 or 8 classes) have toftfflfit and have their 
lessons, naturally such a place cannot be used for science unless we 
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are prepar- d to drivorco both demonstration and pupils'activity. 

Such a lesson in science reduces to telling anu looks not much 
different .I'rom a history or geography lesson. It is unaer such 
circumstances that the old Mature §tudy ¥as taught. That is one of 
the reasons uhy it becarao gradually a lifeless programme. So,vje 
have to provide for teacher's demonstration.'^ ano. also for pupils’ 
activities if at all the primary school science were to be of any use 
to the pupils. This necessiuates the availability of space for the 
purpose. Uven in bigger schoolsj,usually there is insufficiency of 
acGominouation becau.se, the building was constructed for some pupils 
and tneir strength has oj. late^outgrov/n its original co,pacity. This 

expansion of education has not bee„followed in many schools,with 
suitable expansion re builaing. In a survey conducted by me in 

Nanjangud Talult in Mysore State in, 1943, out of every hundred .schools 
fifty-six schools were working with insufficient accommodation. 

Funds were made available by the state to improve the position but 
usually,the work vjas not progressing as io was the responsibility of 
another department of the state (Department of Public fJorks). It was 
difficult to get suitable contractors in the rural area to undertake 
the work. As a result of all these difficulties trie building programs 
did not progress. This is ^ust to emhasise the need for extending 
accommodation facilities in our schools along with the rapid expansion 
of educational facilities. This aspect is elaborated because of the 

fact that the success or failure of the newly introduced course of 
general science at the primary schooljdepends upon the availability 
of space for pupils to be active ana the teacher to demonstrate. 
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Therefore anybody con recognise the importance of providing science 
rooms to primary scnools . This can claim top priority from all 
thoce loaders ana educators wno believe in the importance of begin¬ 
ning science oducation^right from the primary grades. A nation-wide 
campaign has to be started for adding a science room to oiir primary 
schools. They may be started by the dentrsl government and the state 
governments may follow the same. It is possible,o good number of 
philanthropic people will come forth to assist the state,, in this 
prograrane. This programme will extend the accommo ation facility 
in the primary schools in general^and procure increased support of the 
nation for science education, at that level. 

The Design for the Primary School Science Room ; 

The introduction of science at the primary school level is 
only a recent venture evfry where, No country has yet specialised 
in designing suitable science rooms. In America pioneering efforts 
are however being made for the last thirty years. Craig, who is 
one of the outstanding authorities in the field of primary school 
science, published an article in ’Science Education' in tlay, 1030, 
entitled "The Place of the Science work-room in the Elementary School 
Programme". In this article Craig has listed the purposes which 
the science room shall serve. According to the list the science 
room should serve the purpose of; 

i) Providing an environment which will render a 

settlag compatiable with readiness for learning 
the elements set forth in the course of study 
in science*, 
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ii) Deraonstratin" the elements of learning 

set forth in the course of study am make 
them acceptable to the learner^ 

iii) Providing -for experiences which give exercise 
and drill for the elements of 3®arning set 
forth in the course of study; 

iv) G-iving opportunity for students' participation 
in constructing, assembling and caring for, 
and amplifying the materials of instruc tion;?vu.«i 

v) Developing ajxi maintaining the interests of 

pupils both in individual and group activities. 

Since Craig ;as one of those responsible to overthrovi Nature Study 
and introduce General Science into the elementary schools and was also 
responsible for laying the foundation of the courses of studies 
anu teaching technique at that level,the above principles which he 
has listed deserve careful consideration. As per his list the room 
should be a platform for teaching science. The teacher will have 
to demonstrate his experiments to the class. The pupils also will 
have to do some work to enrich what they learn through other sources. 
They should also engage themselves in their hobbies that go (feo develop 
their interests. To provide for all these aspects the room must be 
sufficiently big and it should be suitably furnished ana equipped. 

The work-room for primary school should,on no account^be se¬ 
parated from lecture-demonstration room. Those two shall form part 
and parcel of the same science room. The size of the room has not 
been thought oi in our country, Sven in the western countries there 
is no accepted idea about the same. But in England the Upper classes 
of the Elementary Schools (11 to 14) had a science programme before 
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1944 v/here an the i'irst six classes had nnly Nature Study as such 
no sciehce room was planned for the early grades. We have to think 
of not one size for the whole of the country. Rather we have to 
consider the problem In relation to the size and. strength of the 
school. In rural ana smaller schools we have to be satisfied with 
a smaller room where, a,s we may require a bigger one for bigger and 
urban schools. For the first type of scnools the size of the room 
may be 20 feet .x l|tleet with 6 to 8 feet in heignu. For bigger 
schools tne size of the sci^t<|nce room may be 2'0 feet x 15 “ feet or 
any other convoniant size. This will accommodate a class of 
or more. Since this breadth does not require roof support,the con¬ 
struction will be easy. The suggested size therefore,will also be 
quite economic. The room may be designed in the same way as ela¬ 
borated for the secondary school science rooms. There may be ttwEe 
windows on either side of the room with one door communicating to 
the outside and the other to the main school building. If thw room 
is at one side of the building separated by the wall,there may be Iwo 
on the longer sifle andfSn the shorter slaes (one'^aoh). 

<1 

Smooth cement flooring is preferable as it permits easy cleaning. 

Due to one or the other reason if sufficient lighting is not available 
inside tne room, illumination from the top may be provided. 


Equipment I The heavy equipment recommended for Secondary scnools 

is neither possible to provide nor will be reasonable to thinlt of, for 
our primary schools, Because ol the small size oi the room,the 
furniture must be at its minimum essentials. There may be a Ssax 
teachers demonstration table of the same description as recommended 
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for Lho sectmoj-iry Gcriool science rooms l^ut too size may bo oi 6 
feet X kl{, i'eet with r height oi‘ 2i feet. BetiinrJ the Coble a board- 
either line lixed cement concrete v/a 1J.-board or the wooden one,may 
be provided. There may be a slnlc at one end oi the table connected 
by a tap, ij. water supply is available. If not at the right end a 
tripod stand witn a basin my bo Kept or d glass or brass vessel witii 
a closed top and a tap be low j may be provided to ensure water whenever 


it is required. Below that tap a basin may oe bept or a small sink 


witn an opening to oho omisiae mes?’ be cuns-cructed, VJhereever rhere 


is electr:icity aud gas che same may be connected to the aemonsti'ation 
table. Usually the former is availcule .fnifinban schools ard rarely 
furrural schools. Gas supply is not .even founu in our toi/n^, 


Dual taules may he used for uupils with raised seats. These 
tables must be broad enough to provide pl-.;nty of space tor ouplls to 
work. There ma^ bn two rows ox five eacn. Each dual ueble-is in¬ 
tended for two pupils. The size oi the taoles may be 3-^ feet x 
1-|- feet X li: feot. A curamon sink for the use of the pupils may b© 
provided in one of the corners oj- tv/o oi the corners. There may be 
a table to keep an aquarium ana some gernrlnation boxes, at ohe sines. 
Behina thore may be space tu keep almirahs to store things. Just 
before that, there may be space for 2 x-jork tables where pupils may go 
and do some work oi tneir interest (oi coui'se witn the permission of 
the teacher I) 


Both planning and equipment of the science room must ensure 
the provision for a well-rounded experience to the children. The 
pupils must have the experiences belonging to any branch of science 
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Without i-'uy clisbinctiDn, They must study ploiits, animc Is ^ air, 
light, maebines, etc. Naturally the sci'cjnf.e rooLa should have ade¬ 
quate equipraent oi apparatus ana appliances and should be suited for 
different typos ob activities. 

There u.re schools with a single class-room which cannob be 
ejcbenClccl In any direction. In such cases the above equipraenb nay be 
provided and tho teacher my teach science in the same room where he 
teaches tho obhor Gub;]ecbs. This, of coui’so, is tho worst type of 
provision for science teaching. Yet we have no alternative. The 
only prospect is that in one way or other that school also v/ill hi ve 
some sort of science eEpericnce. 

EQUIPMaiTO Am VPKEEP i 

It is part of the duties of the teachers of science to procure 
and to care for tho mcttorials and other equipment. Studies have 
shown llxit tills aspect of vseienee programme is not a very costly 
affair. Sutjjh'actice has shown that a good lot of funds are to be spent 
over equippin4-; maintaining bhe laboratory. But the department 
of education or the management of the institutions have always shown 
a tendency to question why that additional expend.iture to science 
alone, No doubt,the progressive countries have realised that the 
fate of the country depends upon the type of laboratory equipment and 
maintenance. But yet the amount that is placed at the disposal of 
the science teacher in the majority of countries will be inadequate. 
Hence it becomes evident that the teacher should be very careful in 

spending that amount over materials of equipraent. This requires pro¬ 
per planning in purchasing. 
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Ihe teacher laay refer tc the syllabus or to the text_^book: 
and Mike a list oj 'apparatus, appliancesj specimens, etc^, that are 
reciuired for the teaching of the subject. Some text^books \Jill 
furnish list of required articles and the total cost required for the 
purpose. If the Lunds availaole^may not permit the purchase of all 
the listed items, the teacher may give preference to the purchase of 
articles that are of need for demonstration worm. The next priority 
may be given to those articles that are required for pupils* labora¬ 
tory work. If funds are available the teacher may think of pur¬ 
chasing articles of permanent nature, like tools, and ouher equipment 

I*" 

of a general nature. If after equiping once special grants are made 
available,the general requirements of the laboratory may be purchased. 
The annual recurring grants may be utilised for upkeeping the labo¬ 
ratory. 

The system of purchasing the articles of equipment ana other 
materials for the laboratory differs in different countries. In some 
countries the schools are permitted to purchase from anydealers,cer¬ 
tain minor requirements where^as they are asked to purchase all costly 
arxi important materials from approved dealers after calling for quo¬ 
tation. Usually the lowest quotation is to be accepted. In doing 
so, no doubt, there will be competition among the suppliers and the 
cost of materials will be moderate. But there is the danger of 
lowering the quality of materials to encourage keen competition in 
rate. This is naturally not a sound system of purchase from the 
educational point of view. In England in some count/fies there are 
some approved firms where the teacher or the head-master may purchase 
the apparatus required for the laboratory. In such countries the 
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tsacher or tho hea'Jmstor with the assistance oi' the science teacher 
can actually go to the firm ani make good selection. If the head- 
quartov firms ai’e the only approved firms it vjill not be a convenient 
system so far as the rural schools are concerned. They may not find 
it easy to go over to the headquarters to make selection. Naturally 
they have to get the materials by ordering. This may not always 
ensure good quality materials. If unsuitable materials are received 
the re burning ox the same to the firra-,v/lll be a new problem. If the 
schools are allowed to purchase from the local dealers it is ],‘03sible 
to select the best available with them. In some countries like 
U,3.A.,some of the larger School Boards maintain a regular department 
for the purpose. All purchases to the school laboratory are cen¬ 
trally made. The department calls for the requirement from each of iJii 
schools and prepares a consolidated list of requirement and large scale 
purchase will be made. This system reduciss the cost of materials. 

But tnis has its ov/n dis^advantages.ttJt^. Sometimes the particular 
type of articles or appliances as desired by the teacher may not be 
supplied. ISven if the teacher were to mention it in bis indent,vjhile 
placing order for consolidated requirements by the central authority^ 
the details may not be mentioned as such the teacher cannot be sure 
of getting the particular type of things he wants. Therefore it 
becomes clear that to ensure equiping the laboratory with suitable 
articles, other apparatus and appliances the teacher should have some 

freedom. The administrative authority may also retain some control 
in the form of placing centrally consolidated orders. Keeping^thfise 
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modern principles educational administration,the L'oliowing scheme 
is sugcestods 

The Gentrn.l iluthority or the Director of Puhlic Instruction 
may recognise a number of manufacturing f irms, eriCh for a 
certain item of supply only, While preps ring the list of 
such firms the best firm in each'':i,the fields should be se- 
lected, In thiis way a system of recognised or s.pproved 
firms or companies may be completed so that most of the 
equipment for school laboratory may be purchased from 
tnose firms. Every school should be supplied with that 
list of approved firms. It must be made definite that 
those firms are for supplying only certain commodities. 

One firm may supply glassware| a.nother may supply acid^sj 
a third one may supply wooden stands, dissection tables, 
boards and other tools 5 a fourth one may supply chemicals 5 
a fifth one may supply specimens, so on and so fourth. 
Schools may prepare their annual indents under the above 
heads and they may be permitted to purchase directly from 
those firms out of the funus allotted to that particular 
school for the particular purpose. This will ensure pro- 
per central control as well as freedom for the schools to 
get what exactly they want. Meanwhile the quality of 
supply also will be good. 

An alternative scheme is to collect the indents from all 
schools in a district and ask the firm to supply consoli¬ 
dated requirements to the district educational officer who 
may supply the same to llie schools as per the Indents. 
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This may ensure certain conveniences at the purchase 

e * 

level "but delay is invariably cau^ecl at the supply 
leveI» 

In England there is a growing tendency.to give more and more 
freedon to the schools to make their own purchases in any way they like 
provided the purchase is economical and the quality of materials does 

I 

not fall short of the minimum standard. This has been necessitated 
because, for small inaents of materials which may go short unexpectdly, 
the class teacher cannot think of following the long routine procedure 
to purchase. He cannot put off his laboratory work until he gets them 
through proper channel. Moreover,in every town there is a big heap 
of unused or damaged materials for sale. Many of them may be in 
good Gomition and available at a cheaper rate. Unless he has enough 
freedom he may not be able to purchase them for the laboratory. This 
particular situation has made it clear that the school should have 
greater freedom in purchasing th^ings for upkeeping the laboratory. 

Other sources for Equipping the La boratory: 

In addition to the recognised firms for the supply of 
articles ana equipment, there are other local stores from which the 
teacher will have to make purchases. Dine stores, hardware shops, 
fruit and vegetable market local industrial concerns, local offices 
of Government, etc., may be of very important sources for the pur- 
chase 01- some requirements^ It is possible to get things from local 
shops at a comparatively cheaper cost. Some of the locally pre¬ 
pared apparatus and appliances may be purchased if they are cheap and 
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good* For purpose of animal and plant study^animal and plant speci¬ 
mens are usually to be procured from the local sources. For immediate 
use many perishable articles are to be purchased from the local 
dealers. Therefore both for the convenience of getting the things and 
for the economy in the cost,the teacher may keep a list of such local 
sources of supply and try to purchase whef^ever there is immediate neec 

Arrangement of Ifeterials; 

Storage of articles and other equipment should be carefully 
planned in every laboratory. There are different types of arrange- 
raent-s, I'he simplest type of arrangea^nt is the alphabetical order. 
This type has no advantage of any sort except that the materials are 
arranged in the alphabetical order. Usually It has many disadvanta¬ 
ges, Alluminium is to be placed with alkalies. Burettes are to be 
kept with bisrauthj iron is to be kept with imago. For an academi¬ 
cian it looks as if the articles and appliances are clubbed in a 
disorderly manner. The other type of arrangement is to arrange or 
store the materials according to their nature. G-lass materials are 
to be stored In one almirah, iron-ware in another, chemicals in 
another, so on and so forth. This is something better as it is based 
on the nature of things. This arrangement facilitates easy approach 
to things when they are in need, Another ti^pe of arrangement is to 
store Tubings accordii^ to their classification. Metals, non-metals, 
Acids, Bases, Oxides, Hydroxides, Stands, Specimens, Bones, fossils, 
models, Charts, etc., are some of the sections In which we can 
arrange according to this type. This arrangement may be useful so 
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far as Chemistry is concerned» It may not of much use In arranging 
the apparatus and appliances meant for Physical Science glassesj 
also Ti^ith biology. Even with regard^ to Chemistry apparatus ,there 
are better and more recent types of arrangements, in some of the 
laboratories they are stored according to the periodical tabled so 
far as elements and their compounds are concerned. But this involves 
certain difficulties. Sulphur “will have to be stored -with Sulphuric 
ilcid and Hydrocholoric Acid with Hydrogen Peroxide, Some time such 

an arrangement will lead to confusion anu accidents. But when, we 
are doing lesson on Sulphur it is easy to get all the required com¬ 
pounds of sulphur. In biology it is hsual to store things according 
to their nature. Models, Charts, dissection sets, preserved speci- 
men/s, stuffed specimens, etc,, may form such a groupings. Another 
more convenient and modern method is to arrange specimen's, bones 
and charts in separate sections according to the phylum tostek which 
they belong, 

A popular way of storing materials is to arrange them in 
the Store-room or laboratory in ihe order of their requirement for 
use in the demonstration class or for the pupils practical work. 

All articles, apparatus and appliances necessary for teaching that 
topic,are stored tegether. Things belonging to electricity are arrang^ 
In one place. Those connected with magnetisum are stored in another 
almlrah. This arrangement is found very helpful to Uie teacher to 
get Ihe required materials easily. 

5 

In most of the Colleges of 'technology a novel type of arrang©' 
ment could be observed in England, Tools, instruments, measuring 
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apparatus usually arranged In order or their measuring capacity* 
Forceps are arranged in accordance to their size* Similarly elec¬ 
tric meters are arranged in order of their capacity* I'his may be 
a convenient type ox' storing particularly in the Colleges or techno¬ 
logy* In schools the science departments may not have such tools 
and apparatus with such differing capacit/fe^. 

Of the above types of arrangement every type has some advan¬ 
tages ana soraa disadvantages. If an arrangement is suited to store 
materials juseful for teaching Physical Science^that arrangemient way 
not; be suited for other fieius, ■ So,it is better to resort to the 
arrangement of apparatus and appliances and other materials according 
to the area of experience to which they belong. Glass materials may 
be stored in one almirah, chemicals and reagents in another, acids in 
another. Ironwares may be stored in a separate almlrah. Models, 
specimens and preserved specimens may be displayed in another almirah. 
Bones may bw kjpt in another almirah. Fossils may be stored in a 
separate almirah. This arrangement is simple and racllltates easy 
access to things whenever they are requieed. Even for purpose of 
checking such an arrangement will be convenient. 

Some schools in Ei^land store the materials in the Store¬ 
room. At the beginning of tbs year,all materials required for the 
year^will be stored in the laboratory desks. Every student Is assign 
ed to one of the desks arKi will be given the key of the desk, Bach 
desk will have a card indicating (i) articles to be found in the 
various drawjj-ersj (11) articles to be found in the cupboard of the 




« 332 - 


desk s-iiti (ill) articles which he can have access to on the side 

S 

tables,'^toar the wall. 

Such an arrangeiaenb is liked by the pupils. They Teel they 
are sharing with the teacher in the responsibility of looking after 
the laboratory. These mterials will be checked by the teacher at 
the end of the school year. If there is breakage, etc,, the con¬ 
cerned pupil may be asked to inake good. Such a type of arrangement 
may not be suitable to our schools. The;^! may not be apparatus and 
appliances, sufficient for all pupils. 

Whatever the arrangement of apparatus and appliances it may 
be, it must not lead to accidents. It must be easy to account and to 
fim out what things and appliances are to be purchased. 

Maintenance of Registers for the Laboratory Articles ; 

Whefiever a laboratory is organised a stock register is to 
be opened. All articles and apparatus and appliances of a perraanenb 
nature must be taken to stock. In the register entries may be mad© 
under the following headings*. 


I 

I 


—— sasssasss Sts assmaas 


I 


From 


i 
9 
9 


t 
i 
1 


S1©!Tom Name of the Article*! Date of purchase.J Quantity^whom j Cost 


9 I purcha-i 

! J sed, S 


Another register may be maintained to note those articles 
of purchase which are of a perishable nature. 

When or»© the laboratory is equipped the equipment cannot 
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last i'or svqi*« Fr^sh purchases are to be mad© ©very year® In 
ttie beginning of the year the teacher who is in charge oi' the science 
section^fnay prepare an inventory in which he can note dovm the artl- 
cles, apparatus and appliances at hand and. those that are to be pur¬ 
chased next year. This is to be don© aot on one day but as and when 

the teacher rinas it necessary while making use of the laboratory. 

Whenever he finis that certain article is to be purchased for next 

year^ he must note it in the annual indanL register maintained for 
tne purpose. With the help of this register the teacher can easily 
make a list of puz’chasas to be made in the beginning of tht* school 
year. 

The laboratory stock may be checked in the beginning of every 
year. This will ensure the deleting of things lost on the one hand, 
and acquainting of the things to be equipped or repaired for the 
coming year’s workjm oIKcy. 

Home-made Apparatus ; 

k modern science teacher is expectd to know how to make soma 
of the articles, apparatus and appliances required for his lessons. 

No doubtjSUCh costly things, like microscope, telescope, camera, 
thermometers, voltameters, etc,, cannot be prepared by the teachers 
am they are to be purchased. Sven if teachers were to try to con¬ 
struct them,they may not ensure accuracy and perfection^whlch cha¬ 
racters are essential to those things. But,tfeeycan certainly prepare 
such things as models, charts, wooden stands, barometer, aquarium, 
vivarium, butterfly nest, etc. They may be prepared by the teacher 
with the cooperation of the pupils. 



f 
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Many teachei’s of science show keen interest in Improvising ou 
variety of ©quipajents useful for science teaching, - k sample list of 
such improvised apparatus is indicated below 

1, Electric Generator, improvised from an 
old car generatoj;/; 

A rubber Baloon electroscope-, 

3* Bottles for collecting gas by improving olive 
oil bottles^ 

4. Pulleys,- 

5, Aquarium out of glass slabs and Wlax and clips; 

fci. Ring Stands from iron roas; 

?e Insect keeping boards from cigar boxes; 

8, Toy telegraph sounder by bolts, wire and 
cigar boxes, etc,,etc« 

The use of home-made apparatus will ensure certain advantages 
for learning. The pupils feel that those apparatus and appliances 
are prepared by them and thus evince greater interest in learning. 

As they are prepared by them,they are familiar and thus make even a 
Strang© lesson a familiar experience. If the students participate 
in preparing them they will imporove their machnical and manipulatory 
skill which is one of the out^coraes of science instruction. Some 
pupils may develop interest in making some of the material as a 
permanent hobby. In addition to these educatioi^ 14advantages the 
cost of maintaining the laboratory will also be economic. 

Realising the above potentialities of using home-made appa¬ 
ratus special attention is being paid in the training institutions 
throughout England and Scotland to provide experience to science 
teachers in the laboratory art craft including glass bending, glass 
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welding, vood work, metal vj orS;, modelling and drawingj etc. This 
iy made compulsory in some ieachers’ training institutions though 

o 

it does not form a subject for examination. 

To facilitate teachers and pupils to improvise some appratus 
the teachers may be permitted to purchase out of laboratory grant, 
certain materials from shops or secuni-hanci stores. There may be 
provision for purchasing necessary tools for the pui'posej a woric 
bench maj' be equipped in every school so that the teacher may make use 
of it in preparing his apparatus. The pupils may be asked to co- 
operate with the teacher,in preparing those aids. 

A Recent Sm*vey of Laboratory jSauipmenu g 

Though wars are usually considered as destructive events 
in the history of mankind,they are also events that generally contri¬ 
bute towards the human progress in certain fields. In fact wars 
were responsible for a good number of discoveries ana inventions. The 
Second World War served as an impetus for the progress of science in 
many fields. Some of thw discoveries like harnessing the energy of 
the atom, using pencillin and other fungi as wonder drugs fur curing 
Some of tLi 0 diseases, the development of rocket as the fastest means 
of transport, etc,, are some of the achievements of man during the 
SQCondwar, We also notice certain developments in the field of 
science education, All those countries that were directly involved 
in war operations,had to face the bXunt of modern weapons. Every 
individual bad to participate in the defence and offence programmes. 
Those individuals who had developed certain discipline^served as better 
individuals,both in defending their country ana in carrying on the 
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ofi'ensive to tht-- enemy's lam. This made j^oiiticiany realise 
i;Uat Lae moueru wars «re wan not in the baotie lie id, nor in the 
fooo”>ball field but in Lhe school science laboratories'. This reu” 
lisatlon naturarly led the Ifiducationist anti teachers to consiaer how 
best they could improve their laboratories. itttempts are being 
made in every country to study the position ol their scaool iabora- 
bories tuiu iinu out in what way ohey require improvement am ex ben- 
Sion, The same lore© has beeii xesjjonsible tu realise Lh^ need xo£ 
providing some yort oi laboiaiory lacilluy tveu lor Lae primary schools 
ii they were noi already provided,since tne majority or people will 
discontinue after that stage. It may be interestiiig in this con- 
nection to mention that in England^the Joint Committee formed by the 
representatives of the Science Masters' Association, Women Science 
Teachers' Association and the representatives of four Secondary 
School AssociationsjConuUGted a survey of secondary school science 
laboratories. In fact,the English secondary school laboratories are 
comparatively well-equippeu and well-maintained. But yet,the Committ© 
was not satisfied. There was need for improving Lhe position, be¬ 
cause the war had already demonstrated the importance of the school 
science laboratory. After considering the amenities provided for 
pupils practical experience in a large number of OrariraBr schools,the 
Committee published its report in 1958. In that report it is stated 
that 'the laboratories were on a dangerous instability of producing 
scientists and technologists in the hear and distant future'. The 
Committee had every reason to express its alarm. The College and 
the University laboratories were well-equipped where as the same 
attention was not paid to the laboratories of th« secondary schools 
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ana much less to those of the primary schoolss The Universities 
which turn out scientists and technologists look to the secondary 
schools for suitable raw material^. The seconaary schools naturally 
in theii' Lurn,look to the Primary schools. If the laboratories 
are well equipped and well maintained in the schoolsj certainly, those 
students who go to the Universities will have been better ground in 
the field. If the primary and seconuary schools fail to provide 
suitable training in the skill ana discipline of the sub3ect of science 
before the pupils could go to University Departments^naturally^the 
production of scientists and technologists will be curtailed. 

The Committee reviewing the position of laboratories has 
stated that the laboratories were- 

1. Wot enough in number^ } 

2, Wot having enough members on the staff; 

3. Wot having enough laboratory assistants and 

4, Wot having enough apparatus. 

According to the above investigation the schools were spend¬ 
ing about £ 3/- for every boy in the laboratory. Only 44?2 of the 
schools had enough space for pupils'* science activities. 

The Committee also studied the particular problem of each 
of the schools with regard to laboratory f acilities, The following is 
the list of problems they foundj 

1. Wo advanced laboratory; 

2. Laboratory also used as form-room; 

3. Over crowding of pupils; 

4. Understaffing; 






1 Charles KArcy - Science Experiences for Elementary 
Schools, Bureau of Puhllcatlona, Teacters 
Collage, Columbia University# Page vll. 


2 Hatlonal Society for the study of Education - A 
Progi^mme of Teaching Science, 1932. 


Gerald, S.Craig - The place of the Science 
Hooiii in the Elementary Science Prograt^. 
Science Education, May, 1930. Pages 582-58 ^ 


4. Heiss, Oboum and Hofiton - Modern Science Teach¬ 

ing, Page 271. 

f 

5. Bristol College of Technology, Bristol, U.K# - 

Department of Blectrlcitye 

6. Saunders, H.V. - The Teaching of Oeneral Science. 

7. Heiss, Oboum and Hoffman - Modem Science Teach- 

Ing - Pages 276 " 277® 

8. London University InatUute of Education has such 

a laboratory fbcility® 
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CHAPTER XV. 

GOMKUHITY RESOI3RCBS AMD SGIfaiHL-E TEACHIHCj . 

The common criticism against the education imparted in the 
schools through one or the other subject;is that it is divorced from 
Hie aiKl does not connect the same ^ith liie. This of course is an 
important criticism since education Is not an end in itsali bu\. for 
Hie, Such subjects like scieixe vhlch have developed as a result 
of experience in everyday life,and have in return,i^’lheneed everyday 
Hfe,shoula be more particularly studied in close correlation with 
Hie. This principle is no doubt;accepted by every educator. But 
the gulf between education and life does exist as it existed before, 
because of the difficulty of teaching science beyond the four walls 
of the school. In recent days there is a tendency on the part of the 
curriculum makers to include a gooa number of activities to enrich the 
school science curriculum. These activities are no doubt,mainly in- 
tended an opportunity to study things by first 

haftd experience and to develop^mnupulatory and mechanical skill. They 
will also facilitate to study the subject in close relation to the 
needs of tho society and to understand the particular utility of things 
studied in the class room. 

To bridge the gap that exists between education and life a 
number of new schemes in education have come**td practice. Among them 
the community school is one. The principle underlying this achemS) 
is that education should be imparted in a community setting so that 
education may become meaningful,real and related to life. Further, 
thiS’ also strengthens the new concept of education as life and for life 
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Though some of the schools folloTrf this principle in full a good number 
of other schools also follow the underlying principle to a greater 
or smaller extent. This is made possible through two tyj^^f acti-* 
vitiesj 1, those activities of the community which are actually 
carried out with all the realism in the school itself,as in Dalton 
Plan or 2. the school tries to take the pupils to the community it¬ 
self when particular topics are studied in tnat natural setting. In 
both cases pupils realise the inter-relatedness of their experience 
to life and develop realistic idea about the education they receive. 
The above two types of activities may be Included in the science pro¬ 
gramme to enrich the existing curriculum and. to correlate sciQn::e 
to lire. 


The success of utilising the various community resources by 
the schools to enrich thw curricular programme,depends greatly on the 
willingness ol the community to provide such facilities. This willing 
co-operation may come,either as a voluntary effort or as a state legis¬ 
lative demand,from the community associations. In India at present 
there is no such legislative measure to facilitate. We have to depend 
upon tne voluntary co-operation of a good number of community agencies. 
Another factor that is important in this connection is the flexibility 
in the school time-table. 

k schedule of such activities to enrlfh am vitalise school 
science programme is listed be lows 

1, The Town water works ? 

This is a common community resource which exists in every 
important town. The pupils can be taken Ija-convenient batches when 
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that particular topic is to he taught. Certain topics like Dynamoj 
pumps} purification of water, hard and soft -water can be taught with 
concrete HBterialS|On the spot^in their mtui^al relation to community 
life. The teachSci can guide the pupils in the prelimimry intro¬ 
duction, The staff of the water works may help the pupils to under¬ 
stand tn© working of tne plant, 

2, The Museums . 

Museums are usually to be found In big towns ana as such,all 
schools GFnnot easily make use of this community resource. But it Is 
possible to take the pupils once in a way, so that they my be able to 
study certain topics with concrete illustrations. If the museums 
organise special guidance programme the effectiveness of such visits 
will be corapara^ely greater, 

3. Public Parks and Botanical Gardens . 

Parks and Botanical gardens are more frequent in towns and cities 

than the Museums, Usually the plants and trees are grown in distinct 

plots in accordance to the families to which they belong. 

|+enc«i v'(j5,vU -t-o 

such gardens will be more purposeful. If there 
is a guide particularly to assist the students it is easy to study the 
various aspects of plant life and thus to enrigh their class room 
experience. 

4, Zoojt-o^icciI dtCXJ^'dens 

Though science deals with animal life it is very difficult to 
study in the class-room,the life of animals in a natural and concrete 
setting. In the Zoo^ all types of animals are reared. They are 
housed in such a way as to provide the same type of ecological 
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oomitions amer wnlch those animals cdip) naturally live. It Is hence 
possible for pupils to study the real habits oi a gooa number oi' ani¬ 
mals* of the rare animals can also be seen. Hence this com- 

munity resource will be of great advantage to study certain topics 
of Zoology, 


5, Factories . 

.Science as a subject of imn^diate interest is,exemplified 
in the role it plays in the industries, ‘ihough mny topics of science 
find their application in any factory it is usual to select certain 
factory for studying certain particular topic. When properly planned 
aEd guided visits to factories can be of great use to make pupils 
appreciate the role science plays in the national economy. 


6, Radio and Television , 

In recent days Badio and lelevision are becoming very powerful 
agencies of general education. In some countries,regular school 
broadcasts are being arranged. Schools allocate certain periods for 
this purpose. In addition to making use of those services in the 
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schools the transmitting stations are also made use by schools places 
of great educative value• In addition to the actual work of broad- 
casting^of science are exemplified 
in the operation of the transmition station, k number of topics of 
science can be studied in this community resource. 


7, State Departments of Public Utility . 

Various state departments of Public Service like the Departments 
of Health, Food, Sanitation, Agriculture, Irrigation, Forest, etc., are 
established in every state to look after the public interest. These 
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branches are generally I'ounl in all important places. Every depart¬ 
ment tries to develop a technique ci‘ educating the public with posters, 
pamphlets, boards, folders, charts, diagrams, graphs and other attrac¬ 
tive designs and illustrations. In doing so they demonstrate how 
they try to tackle problems or public interest in a scientific manner. 
They indirectly deal with, a number of topics that are usually taught 
in the school science programme. But they are depicted in a more 
attractive any natural way. They are alsu dealt with in relation 
to lire. Pupils find it more interesting to study the activities of 
a number of departments. Hence ic is advisable to make use of 
all those state departments for providing science education for the 
pupils. 

l£ it Is difficult to reach those offices and departments, 
arrangements may be made to get samples of their literature and other 
propoganda bulletins and use them as alas tv teach related topics of 
science, 

Similarly^ a number of community activities can be cited as 
sources for providing science education. Proper utilisation of re¬ 
sources to the advantage of the pupils can certainly, enrich the school 
science programme. The State, the community resources and the instl- 
tutionswill have to co-operate in making the scheme a success, 

As the Impact of science on society increases,newer and newer 
resources will go on developing. The science teacher will have to 
acquaint tne pupils with those aspects of the relation of science to 
society in ona way or the other. The ftest way of doing that,is to take 






the pupils tu the particular community resource or centre and help them 
to study how that particular aspect of science is influencing human 
ways of living, This becomes, as days advance, dn obligatory func™ 
tion of the school,if at all it can successfully educate the children 
to live inland improve the nature of a community Ili’e, For realisa¬ 
tion ox this aspect of the objective of education there is need for 
I'lexibility on the part of the school organisation and -willing co¬ 
operation to facilitatejon the part of the community. 

The science teacher will have to make use of the educational 
potentialities of the above resources not in a sporadic way but in a 
planned and systematic way. Planning and systesmatisation of the 
above experience becomes possible only when those ac bivities f»af^m 
part of the school science programme. 


The teacher may plan to utilise the available community resource 
according to a prepared programme. This planninti should be—so~4©jae 
that the period of visit to a particular community resource^ synchronise 
with the time of studying the particular seience topic,which is mainly 
illustrated in the community resource. The teacher may prepare such 
a plan in the beglning of the year. The plan may include the 
following aspects: 


ss5==5ssaS5sasss=asasssssassassiSBas=»ssBa»fflss3sss3is3sss®*®^ffl 

SI, Name of the Month in which Name of community 
No, Science topic.; it is to be studied.! resources to be 

, ' utilised. 



-D-Oj-D- 
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CHAPTER XVI . 

Evaluation of the Ouggotos of Science Instruction , 

Examination ol one sort or the other has existed as an in¬ 
tegral part ui the educative process at all times. It is an attempt 

■ 

to assess the result of our efforts. But the criteria of apprising 
is changing irom time to time. The method oi appraisal also differs 
from time to time. Whenever we try to estimate the progress of every 
pupil we are measuring or examining. too often our judgment in this 
field,ma^ involve either measurement or estimation, What w© can 
measut'e we measure. What we cannot^we try to estimate. Many a time 
a combination'or both^serves as a safer guide of assessing the worth 
ox Uie result oi our effort or the progress of a pupil or the effici¬ 
ency of a teaching technique. 

Bducatlonai practice involves planning ana launching of 
procedures, appraising tne results, shifting our attack ana continu¬ 
ing to x'egulate ouu' efforts in tne light oi tne verdict oi ouyfevalua- 
tion. Though examination looks to be an isolated aspect of e ducation- 
al practice it is intimately related with the other operational pro¬ 
cedures of the field of education. Hence it becomes clear that the 
purpose, technique and scope of evaluation depends on other factors 
of education. As the philosophy of education and consequently its 
objectives are changing from time to time the above features oi the 
process of assessment also should change. As iniicated in the earlier 
pages the philosophy of our curriculum has undergone a marvellous but 
very rapid change during the present century. Mastery of contents 
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was iormerly the scope or the curricular philosophy and the conse“ 
quential objectives of instruction. But tD“day 3 the emphasis has 
shifted from tiie acquAlntance with the three R®<, and. tne mastery of 
contents to the development of thinking^desirable attitudes and app¬ 
reciations, Naturally the scheme of evaluation should no longer 
consider the measurement of mastery of contents as the only Ir^ex 
of progress or achievement but should try to form an estimate of the 
outcomes of instruction in a pupil in other fields also, namely his 
ability to appreciate the true, the beautiful and the good on the 
one hand ana the desirable attitudes he has developed, on the other. 
Every educator, administrator and teacher know how the former content 
centred curriculum has shifted, during the last few decades, towards 
a life-centred curriculum. But our examination to a greater extent^ 
is still sticking on to the old philosophy of education. No doubt, 
efforts are being made to revolutionise the purpose, scope and tech¬ 
nique of the scheme of evaluation. But the results of the above 
efforts are yet to influence the body-politics of education in its 
practical procedure. 

The new philosophy of the curriculum does not minimise the 
importance of the mastery of contents. Rather, it advocates that 
mastery of contents should serve only as the means and not the end. 
Whether it is literature, science or mathematifiJs or any other cur¬ 
ricular subjects pupils should study them not for themselves but for 
their relation to our life problems. So also the examination should 
try to measure not merely the factual information but also the ab'* 
of the pupils in making use of them to-lhjialii"©'needs. 
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AIL thiiiters in the field of education realise the Importance 
of the recent shift in the value -we attach to the outcomes of lnS“ 
truction, hut it is not so easy to measure the growth of the indi¬ 
vidual towards goals that are set on the hasis of his life-needs and 
interests,as to measure his ability in the mastery of contents. 
Therefore our evaluation scheme will have to end^our to measure both 
the above aspects of instructional outcocBS, This task involves: 

1, The construction of tests that can measure the 

mastery of facts ana principles as well as 
the functional unuerstanding of those concepts 
and generalisations 5 

2. To devise techniques to measure such elements 

as reflective thinking, attitudes, personal 
interests and social sensibility. 

The Inadequacy of the present System of Evaluation s 

As in other school subjects the achievement of pupils in 
science is generally assessed by the traditional written examination. 
This mainly reveals how a particular student reacts when a certain 
question is asked. But it does not measure how he reacts in real 
life situation. So, far evaluating the growth of his complete per¬ 
sonality^ we have to think of other devices to measure those that 
could not be measured by our written examination. The traditional 
essa|y type of questions, in the examination, intended to measure 
only those limited aspects, itiaynot measure even that satisfactorily. 
In addition,it is a well known fact that such a type of evaluation 
is defective both in its device and In its result, It is to avoid 
these defects,the new objective types of questions have been evolved. 

Even these objective tests are inadequate to measure all 
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aspects of the outcome of science teaching. So,whether we use . 

traditional essay type of questions for evaluation or the new type 
of objective tests,other devices are'^Vo be employed. Usually we 
have to analyse the work of the pupil with regard to his management 
of the experiment he conducts, notes he prepares, collections he 
makes, ana the part he plays in the proceedings of the science clubjf, 
etc. We have to evaluate his ability as indicated in his class- 
room questioning and participating in discussion. His behaviour 
in the laboratory work or class-room activities is also to be assessed. 
Such a combination of devices to evaluate the outcomes of science ins¬ 
truction,will be a measure ox pupils' all-round development. 
if the devices are objective, reliable and valid certainly the system 
of evaluation will give a correct and fn.ll estimate of the pupil’sjAiortK. 

The construction and standardisation of the new type tests 
to measure the above aspects of science education were hampered 
because of the conflicting approaches to the outcomes of instruction 
till the publication of the 31st Year Book of iSducation in America. 

The Science Masters' Association in England aliso tried to crystallse 
the confused trends in the objectives to be realised by science 
teaching. Wow both in America and in England tests are standardised 
to measure the different aspects of the outcoKes of science inst¬ 
ruction. Similarly)efforts are also In progress in India. 

General Approach to the Evaluation Scheme ; 

The attempt to find whether a pupil has become more co-oper¬ 
ative, self rellalit or more reasonable in his behaviour^is certainly 
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a iDolci effort on the part of the educators. Though those qualities 
cannot be adequately represented by any percentage,it has become 
possible for us to estimate by the technique whether there is improve- 
tnenC or no'c. Attempts are being made to overcome this difficulty 
by dividing each quality into a number of constituent items. To 
measure the quality of responsibility, it is usual to measure its 
different aspects namely, willingness to fulfil his obligation, 
ability to fulfil the same ©tc. Similarly with regard^ to other 
qualities. liven while estimating on this line it may be useful to 
assess not once^but at different stages of the pupils' progress. This 
attempt to evaluate pupils' progress in science after analysing 
the different qualities or outcomes oi instruction into different 

V\oiA U/4 to V'ftA.oyywt.'t (xl4o- Bu.b 

elements and into different sbages^^ it is difficult to say that the 
verdict will be as objective as it is with regard to the evaluation 
of factual Informations. But, there are certain quallti4.s which can 
be assessed objectively to some extent. The degree of manipulative 
skill can be evaluated by practical tests. The degree of critical 
thinking can also be evaluated by suitably designed new type tests. 
Samples of different objective^ tests will be illustrated later in 
this chapter. 

Purpose of Evaluation ; 

Whether tiie assessment is made through tne traditional essay- 
type of questions or through the new objective type of tests it is 
primarily to assess the pupils' progress in the subject. It also 
discloses the effectiveness of the teacher's work. The objective 
types are so designed as to measui’e whether the performance of a 
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class is equal to that of a similar group,or different. This in¬ 
dicates some thing ttout the teaching technique employed hy the 
teacher. 3o vje get a clue to knew whether his technique of teach¬ 
ing is good or bad. Naturally the evaluation helps the teacher to 
improve his technique. 

In addition to the assessment of pupils* progress in the 
subject,testing helps the teacher to diagnose the particular weak¬ 
ness of pupils and undertake suitable remedial programme as indicated 
in an earlier chapter. 

They are also useful to assess the particular interests of 
children and thus to provide suitable science actiiities to serve the 
purpose of hobbies. Tests are administered for guiding pupils at 
the seconaary school level for taking up courses of studies for wnich 
they have aptitudes. The departmenu of Education at the University 
of Edinburgh have standardised such tests for guidance programme. 
Science tests are usually administered at 14 to guide the pupils to 
take up vocation 1 courses. it is learnt that the correlation 
between achieven^nt in science arsi success in vocational or techni« 
cal studies is as high as 0.64. These tests are used fegularly 
in Scotland anf here and there in England. In America,Science tests 
are frequently used while providing vocational guidance to pupils. 

While teaching the pupils,questions can be administered to 
finl out whether a particular student is following the lesson or not. 
They can also be administered as aids to guide pupils from stage to 
st^ge while the lesson is progressing. 
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Evaluation,A continuous Process ; 

It is usual to think of evaluation as the end point of a 
course of study. But It is to be considered as part and parcel of 
any educative process. It commences from the beginning of the course 
and operates through out the course and tinally to its end. The 
final evaluation, whether external or internal, may serve the total 
assessment of the progress of the pupil in science. But the peri¬ 
odical evaluation,which takes the form of various tests and questions^ 
not merely help^to assess the periodical progress of the children 
but also heIpstmxasMSSxtHS as guide^ or aldgS or device^ to the 
teacher,to adjust his work to the circumstances^so as to gfeide the 
pupils to the desired goal. 

In every class the teacher asks questions with the idea of 
recalling to the mind of the pupils their previous experiences or to 
make certain point or situation clear or certain attitudes and appre¬ 
ciations more impressive and effective. He imy also use questions 
to assess at the end of the class to know what essentials of the 
topic the pupils have acquainted with. 

Periodical tests may be held two or three times in a year to 
take stock of the progress of pupils. In England class test^re 
conducted in Science once in a term. They serve the purpose of esti¬ 
mating pupils’ progress in science and also to locate their particular 
difficulties. But the former is considered to be more important. 
Usually essay type of questions are included in the test. Short 
answer questions are also included. The use of new type tests in 




■» 352 “■ 


Secondary Schools is not as popular as they are in America„ Usually 
l/5th oi the paper will include sucu short answer questions, 

(lAb 

Annual examinations through a written examinatitfn' is com- 

A 

Bionly held all over the world. Usually in Science the practical 
aspect will not be tested. But certain amount of credits, given to 
pupils* practical work as measured by the evaluation of their records, 
will be taken into consideration while declaring promotions to the 
higher class, ' 

In England at the ecd of the Secondary School the pupils 
take up Public Examinations. The questions set in science paper 
are mostly essay type of traditional questions. There is lack of a 
teixlency to include new type tests In the scheme of examinations. 

So in every institution.’ evaluation has to be done from the 
beginning of tne pupils' educational career to the end of the ins¬ 
tructional course. The traditional scheme of evaluation also did 
include the periodical assessment of pupils' progress in their acqui¬ 
sition of factual information. In accordance with the changed phi¬ 
losophy of science education it is necessary to maintain a periodical 
assessment of pupils** progress in science not merely with regard, to 
factual information but also with regard to their progress in other 
aspects of the instructional outcome. 

Method of Assessments 

Written examination is the usual method of assessing the 
ability to know factual knowledge. 
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It is usual to give importancej while assessingj to the 
actual work done during the period of the study. Therefore every 
pupils work must be assessed unaer the following headings! 

1. whether the pupil’s work is accurate^ 

2. whether the pupil has set out logically^ 

3. whether Matness is ensured and 

4. whether adequate experience is gained. 

Whatever proceflure we may adopt to assess the actual value of work 
done during the year,the work feiust be analysed into the above aspects 
and each item valued separately. The total n©.y be conddered as the 
estimate of the pupil's work. This analysis is particularly useful 
while valuing pupil's practical records, work books,etc. If it is 
a question of evaluating the pupil’s practical work, particularly 
his skill in carrying experiments, it is necessary to maintain a 
system of periodicalevaluation of pupil’s experiments. The average 
of these valuations may give the consistent measux-e of his skill in 
the laboratory art craft. 

While estimating "'pupils total work done in the year both 
his practical records and the degree of skill he exhibited in carry¬ 
ing out experiments may be taken into account. 

Bvaluation of pupil's^ work in the Class-Boom : 

Ihile forming the final estimate of the pupils' work in 
the course^it is felt necessary to take Into account the way In which 
they participated in the class room to gain science experiences. 

There are very many occasions to evaluate pupils' participation in 
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the class. Among them questioning as a device to teach will inai- 
cate pupils ahility to j^rticipate. In science classes usually 
three types of questions participate. They are (a) Questions seek¬ 
ing Information..', (h) Questions disclosing meaning and encouraging 
thought (c) Questions leading pupils to find out for themselves. 

If the teacher maintains a rough estimate of every pupil’s partici¬ 
pation in the class-room experience he can gi^de them according to 
their ability to answer the above types of questions. The first 
type of questions re quires simple recollection; the second ti:^p0 of 
questions requires reasoning ability ana tne third type requires cri¬ 
tical thinking leading on to investigation and generalisation. It 
is possible for the teacher^to have a rough estimate as to whicn of 
the above three grades each pupil belongs. 

As it is in practice,short written answers may also be en¬ 
couraged in the class-room. Pupils after answering may exchange 
their' papers and try to evaluate the work. This may take the form 
of class tests whicn may be held once or twice in every term. 

Pupils often ask questions in the science class. The nature 
of the questions they ask,often disclose tne type of work they are 
doing and their mental make-up. No doubt,it is possible to under¬ 
stand by the above means whibh pupils are genuinely dull^ which 
pupils are uninterested, which pupils are slow learners ®nd which 
pupils are i*iisiing some slight difficulties here and there. Natu¬ 
rally an insight into the nature of these questions will help the 
teacher to adcspt his teaching technique, but at the same time it 
h®lps him to have an estimate as to what category each pupil belongs. 
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The qualify oi‘ a pupil is often siiovjn more by his ability to 
ask a question than^is ability to answer a question. The genius 
or a scientist lies in the selection of right question to ask 
in the pursuit of the answers. 

The int'ormal ana non^regimented arrangement of the science 
programme permits to turn tne class into a discussion group. The 
teacher tuen assumes the position of the cnairman. The pupils will 
participate in the discussion and exhibit their factual knowledge, 
mechanical skill (if demonstrations are arranged), critical thinking, 
scientific Interests and attitudes and even appreciations. Since 
the pupils Will be free to act it is possible for the teacher to 
have a correct estimate of €aeKpupil's worth. Similarly,while pro¬ 
viding guidance to the pupils in their practical work,he will be 
speaking i-u them inalviduaily and. hence^ii. will be possible to study 
tne interests anu attitudes of pupils, If tne teacher were to 
maintain a record for every pupil and. were to note in it his opinion 
regarding utie progress of tne pupil in uie aii'ferent aspects of 
science achievement it is possible to have a more realistic estimate«>^' 
of the pupils at tne end, 

Evaluation of Creneral Progress in Science" ; 

In an examination that is Intended to evaluate the general 
progress oi pupils in scienee,it is obvious Gnat we stiouia include 
all those types of questions that test Lne differenc aspects of the 
general ouLcomes of science instruction. Questionsoi tne essay -cype 
may by included to assess on® developmenu oi attitudes and interests 
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oi pupils 'CO borne extent. Questions liice "Wbat; are tne ej.airas of 
science to be a subject of study?”, ”Is science part of human 
ctkikture and how?”, "Who is your favourite scientist?”, etc, will 
extract some answers from the pupils in which their feeling aspect 
will dominate. Therefore it is possible to evaluate by this means 
the development of interests and attitudes in them. But special 
tests invented for the above purpose will be elaborated later. In 
the majority of countries the essay type of examination continues 
even Mfe to-day and it will continue to be so even in future. But 
that alone shall not form the result. We must take Inro consider¬ 
ation certain other aspects of the pupils participation in the 
science programme. Among them the following aspects, may also be 
evaluated; 

1. Pupil's willingness to attend the science 

class? 

2. Pupil's own estimate as to what type of 

experience was provided to him? and 

3. An estimate of the pupil us a result of 

his participating w:fefe>fe‘^uch science 
programmes,as assisting in experimenting, 
keeping shelves and cupboards tidy, 
renewing labels and keeping apparatus 
clean anu in good condition. 

So,while judging the general progress of pupils it is essential to 
take into account the above aspects also. 

New Type Written Tests ; 

Among the written tests we have two types - short answer 
type and long answer type. The former are almost like the psycholo¬ 
gical tests where as the latter are the traditional type of questions 
requiring longer or shorter essay type of answers. 
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Short answer questions usually require minimum of writing and 
the time ol the pupil is saved. They are of different types and the 
following types ol tests are commonly used for evaluating science 
programmes- 


(1) Logical Selection type ; 


Examples a 


A list of mtnes of things or events (1) 
or concepts, etc.,may be given in 
whihh there may be one that does not 
belong to the same group as others. (2) 
Pupils may be asked to cross out 
that word. In each ore word is 
unrelated to the series. In (1) ani¬ 
mals except Prog belong to mammals (3) 
so it is to be crossed out. Similarly 
in others. This test helps to gauge 
the pupils' ability to analys^e the (4) 
problem ana suggest tnat hypothesis 
which eliminates all but one. 


Dog, moniteyyjCat, 
Horse, Frog, 
Camel, Tiger, 
Centimetres, 
inches, metres, 
foot, ounce, 
furlong ,e tc, 

W aveleng th,Fre- 
quency, density 
amplitude. 

Mars ,ear<th, 
Satton, Moon, 
Plato jUrenus, 


'• ) Multiple Choice Type s 


Examples s 


This test provides choice of 
several possible answers of which 
only one is correct. Th© pupils 
have to underline the correct 
one. 


1, Darwin lived ins 

a) Seventeenth Cen¬ 
tury A.D. 

b) i9th Cent ury A.D 

c) S0th Century A.D, 

d) 2nd Century B.C, 

2, Photosynthesis td!B£ 
place in Seeds, 
Roots ,Rool‘*hairs, 
leaves , Pollen- 
graphs . 

3, The speed of light 
^ per second is; 
100 miles,1,86,000 
miles,1,40,000 
miles, 2,80,000 
miles, 


53) Sense discrimination Type s 


Example s i 


The above exemplified multi- 1. 
pie choice test is modified in 
such a way as to require the 2, 
pupil to select such word or 
words that make when combined a 
logical statement. The pupils 
will have to cross out,those 
word or words and retain the logi¬ 
cal form of the sentence. 


Acids turn Blue/Red 
litmus Blue/Red. 
Flower is the organ 
of RespiratloryTle- 
productlon in Angi- 
osperms/B^yraoDsperms. 
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.alxample s (C outd,) 


(3) Chemilion is known for its 
Colour change/Tamenessjfor 
sell-protection/Earnlng th« 
Good-will, 


(4) Matching type of Tests s Examples s 


Two columns of words ar® 
usually given and ttia 
pupils are asked to match 
the items of the first 
with corresponu^^ng items 
of the second. 


(1) Photo - Protin 

(2) Butter “ Starch 

(3) Meat ■» Sugar 

(4) Vegfitabl0 - Fat 

(5) Beat-”root » Salt 


(5) Reasoning type of tests ? Examples s 


This suggests a variety of 
possible answers to a ques 
tion. The pupils will 
have to select the most 
reasonable one. The testi^ 
measures pupils* ability 
to reason out things ana 
events, 


(1) Plants in shade cannot 
form starch because 
1,There is no heat 

ii. There is no light 

iii. There is no vjater 

iv. There is no chlorophyll. 


(6) True or False Type of Tests *. Exampless 

Three types of tests can be 1. As we go higher and 
used to test the ability to higher the pleasure of 
remember certain experiences air becomes less and less 
whicli they have acquired, (T) and (F) 

2, The roots are organs 
tatos (T) and (F) 

3. Light travels faster 
than sound (T) and (F) 



(7) Completion Type or Tests ; 

A word or words are left our 
from the statements given. 
The pupils are asked to 
complete the same. 


Examples : 

1. The common name for 
sodium chloride is.,,. 

2. The organ that sepa¬ 
rates thorax from abdo- 

xs««o««§« 

3. The transport that is 
used for interplanetory 
space travel is known 


It is always better to include all the above types of tests wheje- 
ever we try to measure the general progress of pupils in science 
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since each one of tiiern is intended to measure one or the other aspects 
of the outcomesor science instruction. If standfrdised. tests are 
available the teacher can use taem for the purpose. If they cannot 
be had he can construct his own tests and use^for the purpose. 

Lorn?. Answer Questions ! 

Short answer tests are useful to evalute the pupils’ reason¬ 
ing ability and factual knowledge. Certain other skills which itie 
science course nas lu develop can be measured by long answer tests. 
Precise use of words 5 concise and accurate paragraphs^logical argu¬ 
mentation ana sense of sequence of operations involved are usually 
to be evaluated by long answer tests. Long answer tests are as 
useful in evaluation as short answer tests, A well designed exa¬ 
mination pc per will include both short and long answer questions, 

A happy proportion/ of the two may be maintained in the question 
paper, Lssay type of questions are quite common ana hence no special 
illustrative questions are given here. But since it^is considered 
that the evaluation scheme must try to measure the functional growth 
or understanding ana not mere storing up of inf or nations,attempts 
are being made to inciuae special type of questions which are very 
different from tne traditionia essay type of questions. Hence some 
samples'Of such questions are given below; 

DHMOMBTHATIOM t A flask is filled with H.d.L. vapour 
by displacement of air In the usual way. A single 
hole stopper is arranged with a glass tube extending 
into tne flask ana with a rubber tube attached which 




360 - 


extends a snort uistanee outside the riask, The 
rubber tube suoula be provided wiib, a pinch ciamp 
or it icjy be closed or opened with cue pinching 
or the ringers. As soon as tat iiask is i llled with 
vapour cnc stopper with tube is inserted,the ilask 
Is inverted, ana ’che ciosea eijd oj. tne rubber tube 
is placed under water in a beaKur, ¥h.en the ena oi 
the tube is opened Uie water rises into ttie rlask 
to make a iountain, li a blue litmus solution is put 
in the lower beaker the fountain becomes red. 


Questions to be Answered by Pupils s 

1, If the flask was full of H.CbL. vapour what caused the 
water to start to rise in the tube? 


2, As the first few drops of water entered the flask what 

happened? 

3 . Why did not the founts in continue indefinitely as long 

as there was water in the beaker? 


4, Where should the end of the glass tube be located. 

Wear the top of the inverted flaskj towards middle or 
down into the rock or does not it make any difference? 
Why is this? 


5 , Why should the blue coloured litmus become red in the 
flask? 


6 . What property of H.C.L, is illustrated in questions 

1, 2 and 3? 

7. Which of these Illustrate Physical and which Chemical 

properties? 


8 If a piece of dry red litmus paper had been placed in 
the flask of H.C.L. vapour before the flask was 
started, what change would you predict should have 
taken place? Why? 
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9o Ii Uie vapour had been compressed into 

tne i'lask so that the ilask cunualnedy say^ 
twice as mucu as in T:he demonstration ctescri-» 
oea onu ix the same proceaure had been foliowed, 
what do ycu 'cninK; would have happened? Indi¬ 
cate your prediction ano. reasons why you 
think this would have happened 5 then tryjitth© 
results are aifrerenii* give Ltie reason 

ior what 6 .ia happen? 

L Repnoduc.e'QL F-Jwn Modte-nn Sc.i«.wc«"fettch'V»9 ~ 3 

The above sample question is inoenaea Lo raeasuio xne 
Tunoilonai unuerstanding oi science. ui course, it measures 
T-ne mastcryoi consents whicn Taylor tniniis is esseru-iai ior re- 
ilective thinking. in die annual auu. inc' public examinations 
otjiecist, some questions ot‘ oue above type* may be ini iudeci, it 
mus i ue romejubereci uhao such Lype^or questions are comparatively 
better tuUiA Lh,.' orainary traditromd^type dl’ questions. 

There is great need ior uesignlng, such questions us iilus- 
treated above^to evaluate bue mastery ox' iaoDi-atory techniques anu 
proccQuros aiso. The answers u., cuese questiuns may be objec¬ 
tive oj' iiisiy nave alternative or subjective aspects, 

livaluation oi other Aspects oi' science instruetion : 

As indicated earlier tue traditional examinations 

uu liot measuL'e some ui ohe qualities Wnicti saail be xuc outcomes 

oi science instruction. So long as we permit tuics situation to 

continue it will exert an undesirable Influence on the aims or 

We P\0kU'£' 

teaching science, mouiiy the present 

mode of examination so as u-o include questions tocot can me;.sure 
tne above saiu qualities ox the instructional outcome. It must 
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rtsaXisud L-hac wi^re wmoD moru educative \/aiufc‘ in educating 
‘Cue ch-i Id through science than merely impartm;, some r eady made 
facts to be reproaucecl at the examination. The stress in edu¬ 
cational institu-Gions is usually lain on these aspects of ins¬ 
tructional ouncorae the.t are usually tested by the existing, sys¬ 
tem of examination. If the examination system were to change 
so as to measure otheinmore important outcomes>then^there will 
be rj coniroLllng InCluence on the contents ana methods of teach¬ 
ing science. 


No doubt,many important outcomes cannot be measured by 

written tests. At best,they can be measured by an estimate bSJ 

the teacher, but teacher's estTmrte vJill always remain sub¬ 
jective ana hence it becomes impossible to standardise. So it 
is only tne writteii exarainatlon thst can give us an eccui’ate mea¬ 
sure 01 pupils* ability. Hence we have to moRe use of the 

written examination to serve the purpose as accurately as possi¬ 
ble after suifcc.ble modification^. The science Ilastors* Associa¬ 
tion of An^gland suggests a new scheme of evaluation. It has 

listed the following aspects of science instructio- as the irems 

X 

to be tested'. 

1. A united range of facts of iSundamennal importance, 

2. The course should cover parts of the three main 

courses at least (it may be more also) 

3. It also should assess certain local specialisations 

like the topics specially relevant to the school 
environment or pupils’special interests and abilities. 
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i'^or this purpose the Science Masters' Association recom™ 
iifcnds in the report on Teaching ox General Science (1950,page 118) 
that two papers must: he set, one for assessing objectives indi” 
catilt, 1 2, This must he in the foria _^qu©stion.s adiaitting 

c^^sliuns 

Short answers or hew type^thus providing opportunity; to cover 
the entire field. The other paper shoulci consist ot questions 
derrifLaulnL, CssQ.y type of ansi-jers ■wuicn will enable them to develop 
activity to orgoniae jiointsana laarshall their argumenusr in orderly 
sequence or to write down clear instructions for the performance 
of an experiment. This abiliby is essenuiai with ail cultured 
individual. 

The questions should try to men sure samples of certain 
abilitiesjfit were to measure the varied outcomes of science 
teachlrpgf, A list of such specific abilities with an illustra¬ 
tive question is given be lows- 

Acquisition of Scientific iru-'ormatlon and knowledge s 

1. Knowledge of empirical factsi 

Name four metals which ar^ heavier than copper. 

2. Power of reproducing verbally laws or principles: 

State the principle of osmosis, 

3. Knowledge of technical terms or of words used in science 

Explain the maning of photosynthesis, 

4. Ability to identify form, structures, processes and 

to state their functions: 

A lebelled diagram of plant may be given. The 
pupils may be asked to name the parts and state 
their functions. 
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5. Power oi’ explaining; verbally tne meaning or a law 
or principle* 

What is me^t hy conservation oi inter- 
planetory space? 

II« iiivalu a tinp; Scientific modes oi thought s 

1 

1, Ability to use scientific knowledge feo facts or 

ordinary life - i^e, unification oi experience 

i.e, from facts to prirciple ~ (Generalisation)! 

Explain: 1. The occurence of a blue flame 
tnat often occurs over a coatyfire. 

2 . Why soap forms a curdy peecipitate 
with hard water, 

2. Enlargement of experience by recognising in 

ordinary life instances of the operations of 

natural lavjs, i,e,,from principles to facts: 

Describe three experiments or observations 
which show that radiation of heat obeys 
the same laws as light. 

3. Capacity to Identify facts from hypotheses; Pupils 

may be asked to flna dug the following aspects 
from given statements*.®^; 1. facts, 2.veri¬ 
fiable generalisations, 3, mere statements of 
opinion, 

4. Isolation of relevant facts from a complex and 

elaborate situation; 

A certified experiment is described and pupils 
are asked to pick out relevant fpcts for the 
solution of the problem. 

5. Ability to plan experiments and test statements; 

1, How do you find, out that a mysSfJl?. of frog's 
leg is extensor and not a flexor? 
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ii. Saccharin^lS is 500 times wee ter tnan Sugar - 
Oevise an expori.menr to test, 

6 , Ability to apply generalisation to new problems. 

IVo Idential cubes ol wooa are sterilised and 

kept in moist chambers - BlocK A is kept sterile. 

Block B is inoculated with s virus which grows 

am thrives in wood. What difference do you 

expect to find in the weight of the two blocks 

at the ena of four months? Why? 

7, Ability to draw reasonable generalisations from 

given experimental data. 

In a germination process 9 ooxes were kept at 
^ differenL temperatures as shown belows 


Temperature Oq 

6 8 lO 13 

IS 

25 

30 

35 

39 

Humbler germi¬ 
nated. 

0 0 0 0 

16 

50 

84 

30 

0 


What generalisation ao you draw from these data? 

8 . Ability to recognise problems waich lead to scien¬ 
tific treatment and the contrary, 

Wfeich of the following statements can be inves¬ 
tigated experimentally and in what way? 
i. Bain before seven, five before eleven 
ii, A Hot water bottlef^ airs a bed 
ilT. Virtue has its own reward. 

Ill, Application of Scientific knowledge to socially desirable 

Ability to recognise situations or unsolved problems 
in which scientific knowlege can usefully be employed. 
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1 . A farnKsr planted seeds in his iielu that did not 
gerrnimtej another tarraer plHi<fited seeds oi the sa.me 
him 01 flower plant in the adjoining’ field. They 
germinated, ana grew. What facts 'more do you re¬ 
quire to explain? 

2, A flock oi sheep gave birth to many young ones on 
some days and few on other aays? What more facts 
do you require to explain the cause? 

fruG tic a i_ powers or Mechanical or Hanipulatory skills s 

U tt 

Power to talk ^^common scientific knovjledge. Power 
to use and handle is also important in science. This 
cannot be tested by ordinary exaralnations. The stu¬ 
dents must be placed in specific situations anu called 
to use specific skills. The following are the various 
types of skills, 
i. Manual skill and desterityj 

11. Ability to use scientific material (Laboratory 
skill)? 

ili. Ideals of careful, accurate^tneat work? 

iv. Apply knowledge to practice 1 problems ol life, and 
V. To devise experiment ana conuuct them. 

School records will give valuable ini'or mat ions to test the 
above aspects of pupils' skill in laboratory work. 

The Secondary Education Commission in its report recommenls 
certain changes in the existing system of ISxaraination. The 
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The Commission feels that the number oi‘ external examinations 
shoula be reduced.,^nlle considering the various elements that go 
to maice tij,e results ol our examination unreliaole ,the Commission 
suggests,that the element of subjectivity must be minimises, 

Since a continuous ana periodical assessrasiit is essential it re¬ 
commends that special attention shoula be paid, towards mainten¬ 
ance of the school record. The Commission has also recommended 
that the class promotional examinations ana class records should 
count for the purpose of final assessment enu the narks scored 
by pupils to be mentioned in the final certificate. The Commis¬ 
sion hlso recommends that a system of compartmental examination 

4 

Should be introduced as it exists in iilngland. 

The above recommemations fall into three main groups: 

1 . Reducing the importance given to external 
exaraination, 

ii. MainLenance of a system of ''©wiB^ulative records, 
lil. Basing our testing on objective type of questions. 
The above three features are really the trends in the field of 
assessment in progressive countries. The Govern¬ 

ment 01 India following the recommendations of the above Commis¬ 
sion,has already set up a council for the reorganisation of exa¬ 
mination in India, The State Governments are also trying to 
moaify their system in accordance with the central directive. The 

.lollowing are the trends in the schemes of reorganising exaral- 

5 

nations in the different States of India. 

1. Short answer type and objective type of questions 
are being introduced. 
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ii« Maintenance oi' cumplulative record; 

iii. To cor^ider marks oi class tests am class 
records for purpose oi final agsessaent. 

20ji of the total marks must he class marks 
of the final year; 

iv. Even for deciding annual promotions the 
marks obtained in class records and tests 
should he taken into accountj 

V. Every question paper should Include ordinary 
essay type, short answer type requiring 
pointed answers and the new type i:ests, 

Vi, Out of 100 marks alloted,50 marks to be 

assigned for essay type of questions^25 marks foi 
short answer type of questions ana the remain” 
ing 26 for the new type tests. 


In every State schemes for the reorganisation of the system 
Di examination are being prepared. Butable types oi curnulaxive 
records are also being drawn up. The introduction ol the short 
answer type and new type questions will howeverjremove some of 
the defects of the present system ofevaluation. The mainten¬ 
ance of cumulative record will certainly^ go to evaluate some ol 
tne attitixies and appreciations oi che pupils. Sooner of later 
st some stage or other(jwe have to include tests for measuring the 
development of attitudes, appreciations and skill in problem 

solving. 


O-OwO—0—0 




1. H0is3, Obourn and Hoffman - Modem Science Teach¬ 
ing - Reproduced from pages 191 - 192, 


2. Science Masters' Association of England - Suggested 
Scheme for evaluation. 


3. Science Masters' Association of England - The Teach¬ 
ing of General Science - Page 118. 


4. Ministry of Education, New Delhi - Report of the 
secondary Education commission, 1955, Pages 146- 
147. 


5, Secondary Education Board, Mysore - Report of the 
Sub-Committee on Examination Reforms on the lines 
suggested by the Central Ministry of Education. 
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CmPTJilR XVII 

pi^;:;pARATioH iw sdSHCs mcH^^RS . 

The rapid changes that have taken place from the ’beginning 
of this century in culture patterns ha^e inevitably induced cor¬ 
responding changes in the theory and practice of education. This 
has necessitated reorganisation of the systems of education all 
over tho world. The tempo of reconstruction the educational 
system varies from country to country in accordance with the nature 
of the administrative machinery. This reconstruction has in its 
turn,influenced the preparation of teachers. This influence has 
been in the form of a demand for the preparation of teachers with 
improved material coniitions and higher standard of progessional 
education. 

When education meant imparting a mastery of contents th© 
teacher was a craftsman successfully using the most'approved tricks 
of the trade'. To-day teaching involves not only imparting certain 
prescribed contents but sympathetic understanding of the place of 
knowledge in the growth of each pupil and its value to society. 

The teacher can no longer simply impart doses of curriculum. He 
cannot merely rely upon his own cultural background but also upon 
princiyiles that guide him in helping each pupil to realise his 
potentialities to the fullest. 3o there is a shift of emphasis 

from the subject to the child. This has been a shift of emphasis 

to the teacher who has to understand both the child and the meaning 
of the subject or what he teachei^s in a particular cultural 




environment. Thus there is a change in the nature of the pre¬ 
paration of teachers from that of apprenticeship to one stilted 
to a profession. 

There is a corresponding change in the administrative 
policy related to teachers' training institutions. If the teacher 
is to he prepared to man the institutions, such as to achieve the 
changed oh^ectives of education the best type of organisation 
and ad.iiir'istration of teachers' training institutions should he 
based on the principle that the teacher should be so educated that 
he can be released for his proper -work under the best possible con- 
(.'itions in which reorientation and uniformity can have no place. 

It raerely means that th're must be flexibility in the courses 
of studies and programme of work of those institutions so as 
to facilitate^ the teachers to have a broad-based professional 
education. 

The status of teaching has therefore changed from that of 

a trade to that of a profession. The findings of psychology and 

sociology are being applied to the art of teaching as a result of 

0 

which the teachers' preparation has undergone practically«th»ofugh 
^ revolution. The work of preparing the teochdrs is no longer a 
mere equipping them with the 'tricks of the trade* but to provide 
a scientific and technical type of professional education. As 
expressed by the American Association of Colleges for TeacherSUf 
Education in their book "School and Laboratory Experiences in 
Teachers^ Education",the preparation of teachers has thoroughly 
changed because of the impact of the changing concept of education 
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on the one hand 3 and the principles of individual and social he- 
haviour on the other, in factjpreparation should aim at a broad 
educational, programme to equip the teachers with a wide range of 
co.mpatencles both as p-Tsons and as professional workers. Mean¬ 
while their general education should form the basis on which their 
professional education should be scientifically designed. Many 
aspects of that general education form part of teachers’ equip¬ 
ment. i'he technique of teachers’ preparation is mainly and 
broadly concerned, with the work of assisting the prospective 
teachers to see the interrelatedness between their general educa¬ 
tion and professional education. It is in the light of this 
principle that the scheme for the preparation of science teachers 
should be organised, 

irends in Teachertf// Bducatlon In U.h . 

■i‘he changes in the scheme of teachers' prep ration both at 
the degree level and at the under-graduate level induced by the 
changes in the concept of education and the changed demands on the 

school are reflected in the ICNair Committee's Report, ’Teachers 

1 

and youth Leaders’ published in 1944, Among the various roc 01 a- 
mendations made by the Goomittee the most significant one is that 
the teaching at the primary and secondary level should be recogni¬ 
sed as a unified profession with a unified basic salary scale. The 
committee also recommended that all teachers should be denominated, 
as qualified teachers after a p riod of professional ■training. 
Since teachers are remut^rated hy public authorities the Minstry 
of Education retained the power of awarding certififiates to 
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teachers Dub uie exaninutions were conducted oy uhe Area ‘training 
urganicalions (a.vj wlibh ware also established following the 
reooramendatlons of tne I-EHalr c ommlttee* fho A.T.O.'s are pro- 
jesoional organisations .unraediotely concerned with cne work of 
tra i aing teachers. They are Smtermediary organisations betvjeen 
Lhe university on the one hand and me Training Colleges, Local 
Lducation authorities and Teachers in service, on the other. Their 
lunctions includ'-' supervising courses in ihe iiember Colleges and 
recoflimenciiiig to the iiinistry for the award of vhe status of qua¬ 
lified teacher,to those pupil-teachers who nave completeu uheir 
professional training successfully. Tney are also concsrneu 
With 'che pLanning for the ■ levelopment of braining facilities, witn 
the work of providing educational centres for students and teachers 
in service and with tne work of organising facilities for further 
educstion of teachers in tne area’, EacK 4ITP. also trjesto maintain 
standard in bhe area by its acaaemir; fm professional Doards on 


which the University will oe represented. This is further en¬ 
sured oy appolntiJTjg external examiners to its ooaras from outsiae 
the area. 


Another important recommenaatlon of the Achair Committee 
rtepprt was to start "A waticnal Advisory Council" on the training 
and supply of teachers (k.A.C.). This Organisation was set up 
in 194 9 by the Ministry of Kducation. All the A.T.Os are 
members of this Council. The function of this Council is to 
keep under review the national policy of training and conditions 
of qualifications of teachers and on the recruitment and distributi 
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of teachers in ways best calculated to meet the needs of the 
schools or other Gducational establishments. 

As a resi'lt of the iraplementation of the above recoraraen- 
dations of the Committee the work ol preparing teachers has under¬ 
gone some changes in some significant directions» 

Courses in tho Two iaar Trainttng Colieges: 

The organisation of the A.T.Cs has brought about a definite 
reorientation in the viork of tho two year training colleges. 

These colleges were mainly devoted to the preparation, of teachers 
for jiiX'ant and primary schools. They were 114 in number in 195d , 
llach of them had its o\m distinct origin ana individual tradition 
anci even remained aloof from the other till 1954 when they ;}oined 
in each area to form an Institute of Education. The Organisation 
began to bresk dwn the isolation of training colleges by bring- 
ing together the different^with the University Departments of 
Education on the other. As a result of this there vjus facility 
for following common policy and to establish common standards 
within the area. The National A.dvisor„ Council brought about 
similar effects but on a broader and nationel basis. The A.i.Os 
and N.A.C. did respect the traditions of the individual colleges. 
They were allowed to retain their independence and to function 
as autonomous institutions under their own governing bodies and 
staff. This flexibility was essential to ensure scope go# experi¬ 
mentation and progress. As a result of "their newly developed 
contact with the University departments of education ^'he training 
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colleges had the benefit of acaderji'; contract and the3 opportunity 
to ihprove their professional standard. 

The training colleges offer courses in academic and pro- 
fess'ionpl studies and in practice of teaching for t'/jo years, fhe 
students are expected to study one sub;]ect to a deeper level and 
another subject which is optional, ‘i'be first one is the subject 
whit'.h he is expected to teach. It is this subject that forms 
the subject of their specialisation. special methods of teach¬ 
ing (ia€taught in connection with the instruction nf thS,^ parti¬ 
cular subject. 

There is provision in the training course either to 
select teaching of Nature Study or Science. The course generally 
includes theory arid practice of teaching subject. There is 
a laboratory where pupils get trained in the laboratory teachnique 
In addition to the methods of teaching science,some aspects of 
the subject also will be ta.ught. This is particularly necessary 
in the case of those who go to modern schools to teach, 

Sotiie colleges have attached practice t:/eachlng schools. 
But generally they prefer to have regular schools for the purpose. 
Usually the students will have to teach for 12 weeks. A wide 
variety of schemes of practice teaching exists. Provision is 
mad© for observation visits in connection with the study of child 
psychology. There will be twelve weeks of practice teaching 
under the supervision of all the members of the faculty. Members 
of the staff both academic and professional, go to supervise 
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practice teschlng. Usually every member of the staff is attached 
to certain school. The practice teachint^, is intensive and such 
as to provide teaching and laboratory experience essential for a 
science teacher. 

The students in the training colleges do not get their 
notes of lessons correebed before handling the classes as this 
is not possible under the block system of practice teaching. They 
do not write elaborate notes of lessons since they have to do 
2 or 3 or more periods of work every day. But they do prepare 
a sort of lesson plan, which include 1.statement of objective 
2.Apparatus and appliances required, 3. An introduction. 4,Develop¬ 
ment and 5, Conclusion. 6. B.B.work and summary. 

As a result of the increase in the upper age limit of 
compulsion by the 1944 Act a aew impact has been felt on the work 
of the Training Colleges. The teachers who come out of the 
Colleges will have to teach children in modern secondary schools. 
But their academic qualification is not much more than that of the 
pupils they have to teach. Hence it was found necessary to give 
them opportunity bo study more of their subject matter. So, 
all the training colleges have improved facilities for providing 
advanced instruction both in the theoretical and practical aspects 
of science. Science teachers will have an advanced course in 
theory and an intesive course In practical side of the subject. 

To keep up the academic Interest some of the lecturers and Pro¬ 
fessors of tile University Departments of Science will go to the 
training colleges and lecture on their special subjects. 
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Even ttifci above p^’evision I'ui- providing' further euucatxon in 
scienoe tf) uhe prospective ijeschers was ielt Inadequate to equip 
teachers to teach science in Moaern Schools. Boms colleges like 
3t. Paul’s Training College ana St, diary’s Training College at 
Chaltanhara decided uo extend cue perioa oT Lhe course by one more 
year, me third year was devoted entirely x'or studyinr. advanced 
aspects or science subject. This -cemency spread by 1956 to a num¬ 
ber 01 other colleges. The Ministry or Education realising this 
needj decided to increase rtie period or training in all colleges,irom^ 

1 r 

vw 

to three years^l957. uow^ uhu country has to iraplemenu tn^ third 
year additionax course rrora 1959-60, meanwhile serious controversy 
is going on as to what type oi course is to be provided in the 3rd yea 

Training or Bclence Teachers in uie University Departments 
or Bducation ; 

The I'orKEition oi the A.T.Os. v/hicti brought the University 
Departments ol Education into close connection witu the two year 
Training Colleges on the one hand auu me teachers in service on the 
other helpeo the University Departments to acquaint themselves witn 
the actual position or the schools and the particular way in which 
they have to train teachers for the secondary schools. The age long 
objection that the University Departments inearly prosluced theoretical 
experts ‘and not practical teachers^couId now be remedied. As a 
result of the efforts on the part of the Dniversity Departments of 
Education to make their courses more practical,we notice certain par¬ 
ticular changes in the preparation of science teachers. 

Till then the course in the methods of teaching Physical 




377 ” 


Scionce or Biological bcience consisted tneorfetical anrJ practical 
aspects. I’neorfitical work mostly consisted ol lecturers on the 
scope, objectives, j-aethods and other aspects of teaching the subject. 
It is this i'ea.ture that courted much criticism. liowadays there is 
a reorientation oi the emphasis from ’che theoretical aspect to xhe 
practical ncthociology of the subject. Though they do attach import¬ 
ance to theory it is none in close co-ordination with practice. 

When tnoy nave to uual with certain approacn to the teaching of a 
topic,the methodologists:actually itemonstrate: the particular approach 
in the terching of thax topic with all appar’atus ana appliances am 
oven permit ^ pupils to aiscuss to what exnent such an approach is 
advantageous. 

Tutorial work is increased in the special subjocu. The pupilr 
teachers prepaje for teaching topics ana demonstrate the same before 

otTtd. 

tneir method masters classmates. Discussion will take place on the 
lessons demonstrated. The teacher also will participate. This pre¬ 
paration for the teaching unit has two objectives - iirstly,the |iypiL- 
teochor will acquaint^with cho suoject matter, way oi approach, aids 
require':, etc,, as he has to t© 3 >Ujia, the same topic for practice teach¬ 
ing 5 secondly, it helps him to know how to prepare himselr for tne 
lesson. Every stuaent under training will have opportunity to ae- 
monstrat£s 0 S> before the class^his preparation for teaching topic and 
receive the suggestions from his class-mates and tutor. Their ela¬ 

borate preparation in the subject proper, procuring of suitable aids, 
demonstration of experiments, efforts to design the most effective 
and economic approach to the topic, discussions and suggestions by 
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the group will serve as au erCicient hackground in training a 
practicfiL scleueG toi cher for the secomar^/ schools. 


iTactice ’^'i'eaching ; 


The syste'i] of practice teaching varies I'ror.'i University to 
University, j'orraally pupil-teachers will have to terch Cor 12 weeks. 
SohiG university |)cpart^]^ants x/ill have one torn reserved for practice 
teaching and tnere will be no theory i.n that term. 'I’hio is to in 
Bristol University. In other Universities like the University of 
London part of tne term X'Jlll be devoted for practice teaching and 
will spread over the whole of the year or two terms. Anyhow Llock 
syste);i,either corapletely in one term or spread over raorethanaterm is 
a common feature. After completing practice of teaching the pupiletiwdi' 
meet their subjject mothodhl^ist during the nemt ter 'i to discuss some oi 
the problems arising out of their practiceoj-teaching. 


Pufjil teachers will have to participate in the subject 
seminars to bo arran^^ed in the short vacation. In some Universities 
like London University Institut^of Education the seminars and work¬ 
shops are held in regular classes. For those pupil-teachers who are 
specialising in the methods of teaching science^provision for prac¬ 
tical or laboratory work is made in a number of Universities, It 
is felt that this provision specially equips the teacher with the 
ability to manage the laboratory and conduct the experiments success¬ 
fully in the class, oome of the University Departments of Education 
where there is no such provision are seriously trying to equip them¬ 
selves with science laboratories* 
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Tests arid Examinations s 

Some of the Universitjy Departraents of Education in U„K. do 
not have an e:saminatlon at the end of the course (rost”graduate 
cortii’icat© in iiducation, equivalent to B.Hd, or B,T) as in the 
University of Bristol. In other Universities the Departments of 
Education do have an examination at the end of the course, as in 
London University Institute of Education. If there is no examina¬ 
tion at the end of the course there vjill he a system of continuous 
evaluation of the vork of each of the pupil-teachesrsfrom the begin- 
ning to the end. __The Head Masters of the school vhe re they??!®®^ 

]prajdjjJL 

pupil-teachers will usually assess their work in the practical side. 

A 

Ifeywill submit a report at the end of the period to the Department of 
Education, If there is no examination at the end of the course thSiV 
opinion will be taken into account whjle evaluating the work of the 
pupil-teachers in practice teaching. If there Is an examination the 
headmaster under whom the pupil teacher v/orked^may be appointed as 
an external examiner. 

Both the Training Colleges ana the University Depai-tments 
of Education will have to submit lists of teachers to their Institute 
of Education after satisfying themselves with regard to the progress 
of the teachers under training. The Institute of Education will get 
the list certified by the Ministry of Education. The trained 
teachers thus become eligible to teach. 

A special feature of the English Training Colleges ia the 
provision in a number of them,for the study of Rural Science, Ex- 
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Extensive fields and laboratories are provided for the purpose and 
teachers with an intention to serve in the rural schools,evifice 
great interest both in the theoretical and practical aspects of the 
study of the subject. Topics like Soil Constituents 5 Poultry farm™ 
Ingj Sheep Breading, Bee-keeping, Agriculture, Horticulture, Rearing 
of Animals and Plants under temperature control, etc., are studied 
both in its theorfitical ana practical setting. Such teachers with 
their special training in Rural Science certainly,can teach science 
in the rural schools with adequate insight into the particolar pro¬ 
blems of rural life. 

Training and supply of Science Teachers s 

In recent years English Schools have felt the need for 
teachers in greater numbers and of more diverse kind than ever before, 
partly as a result of the increase of pupils under instruction and 
partly as a result of the widespread aspiration of the nation to 
raise the quality of teaching provided. Long planned experiments 
have been launched. Revision of curricula, overhauling of exa-mi"" 
nation procedure and a review of training principles and practices 
have taken place. Hence a responsibility had to be shared by the 
Training Colleges on the one hand and the University Departiients of 
Education on the other. 

In England and Wales there is diversity of responsibility 
among the training institutions. This necessitated the Minister for 
Education to see that the supply and requirements for trained teacher; 

It is to assist him in this great task that the standing 


matched. 
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’Advisory Council on the Iraining^Cupply of Thachers'vjafe constituted 
in 1949, 


The Council in its report of 1953 on the Training and Supply of 
teachers ha$« expressed, 'the idea that there uas a serious shortage of 
science tepchers particularly as a result of the eorapetltion of indus¬ 
tries ani the University lost-graduate departments in employing. The 
Council realisoi-i that if this shortage ■were to continue there would 
he a serious adverse effect on the general qualify of education of the 
nation and on the 'i'a-bure supply of scientists and technologists. The 
Council recommended to the Minister of Aiiducation that the following 

measures may he adopted to avert the adverse effect of the shortage of 

3 

science teachers*. 


i. Since the fin£'ncial prospects are tiie main factors that 

attracts^feJIJef science teachers to the t etching profession, 

suitable salary scales may he fixed up for science teachers 

li« Though the superannuation limit is fixed at 60 there is a 

tendency among the teachers to work on beyond the retiring 

age. Hence at the descretion of the science teachers 

Ire, 

and that of the local education authorities they may^kept 
till 65 or heyoixl; 

ill. There are ■yjomen who are married but prepared to 

work in the schools for some hours In the day. In some 
places they are the on|.y persons to he employed. Hence 
the married wotrsn may be employed as part-time science 
teachers if they have adequate qualifications 5 
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iv, A largo population, of scienco graduates are 

eranloyed in the Uni'.^ersity Research Sections 
and Industries. No coubt^they may not be pro¬ 
ficient to teach school children. But as a 
temporary measure they may be employed as part- 
time teachers in schools 5 
V, In competing for science gr.'iduates to-do.y the 

schools are un against strong counter attractions. 
Tho Scientists in schools think th£it the Indus¬ 
tries and University Research Section can offer 
them smple "acJlities to do research vork and 
tmiko 'dieir originp .1 contributions to the 
progress of science. 

The conii^ry has considered that the problem of supplying adequate 
number of well trained teachers is one of national importance. So, 
the Ministry of Education has announced in recent days a big plan for 
expanding Britown’s Teachers’ Training Colleges. This has been announ¬ 
ced by the Government as the biggest permanent expansion scheme,ever 
undertaken, The programme costs 

over R 15,000,000. This programme will considerably increase the 
number of large colleges of 400 to 500 students each. It is expected 
that those colleges will provide both academic and professional educatior 
as effectively as University departments of Education. In this pro¬ 
gramme the ? 4 inistry of Education lays special emphasis on the t raining 
of more and effective science teachers. 


The launching of the above plan is a capital undertaking in the 
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field of education. The nation has realised the importance of 
Teacher HducatLon in the progress of the country. It has also realised 
that an adequate and erfoolent prtivision for the training of science 
teachers is essential for the production of scientists and technologists 
to Man tholr Industries end thus contrihute for the strengthening of 
their national economy. 


Science Teachers' Training 


in the United States 


of Americaj 


Though there is a strong faith in education in the United dtaifees 
of A.merica in recent years teachers v;erf subjected to disgraceful 
treatment in the mme of the national aefonce hy asking theni to take 
the oath of losj-alty and to sign statements that they would not join 
subversive activities, etc. Further, the schools are seriously cri¬ 
ticised for bad work/^ As a result of the above tvjc developments in 
the political and social life of the nation there is an unwillingness 
on the part of the young and Intelligent people to take up as teachers. 
Even salaries particularly i‘or science teachers are not as attractive 
ill teaching profession as in other professions. Naturally capable 
people are prevented from caking up teaching jobs. But there is a 
continuous increase in the enrolment of pupils and more and laore teach¬ 
ers are required. The enrolment in 1949 - 50 was 2.86 crores In se¬ 
condary and elementary schools. It is expected that it will 

increase by one crore in 1959 - 60,due to heavy birth rate during and 
after the war. They had to employ all those who can come to teach. 

And most of them are people who could not think of other lucrative 
jobs because of their Inability to get them. This has resulted In the 
lowering of the teaching efficiency on the one hand and the dilu^tion 
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of th© qur llty and standard of education and lowering of the status 
of teai-'hers in scarfeity^ on tte other. This is certainly an unexpected 
development in the Am©r.1can Educational sc^ene^ and is sure to have 
drastic effect on the progress of education. It is possible that the 
nation has been made to weigh the worth of professions in terms of 
their contributions to improve its defensive and offensive capacity a% 

Financing of schools in TJ.S.A, is a loc&'l problem where as 
standards of preparation and certification of teachers are state pro¬ 
blems . They have fixed up the minimum essentials but it is to local 
authorities to iix up any thing above the minimum. The Federal 
Government hoes not take any active part in the above work but pub¬ 
lishes inl'ormatioml publications. Those publications are of great 
help in improvir^^ the standard of the profession. Some of those reports 
are cited be lows 

1, The National Survy of Education of Teachers - 1935 
-by the U.S.Office of Education^ 

li. The Improvement of teacher education - 1946-by the 

American Council of Sducationi 

iii. The Education of teachers as viewed by Profession - 
1948-by the National Education Association 

iv. The Teaching profession grows in service - i949-by 
the National Education Association; 

V. A number of Annual Bulletins - on the progress of 
Theory and practice of teacher Education - 
by the American Association of Collages for 
Teacher. Education. 

Instltutttxfcfor Teacher,,, ■ Education ; 

There ware in all 1093 institutions for teacher education 
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in 1952« They are of three types, mmely; 

1» Normal Schools: 

2. Teachers' Colleges; 

3. Liberal Arts Colleges with Education Departments 

4. Schools or Colleges of Education of Universities*" 

The Normal schools offer courses of two years to elementary 
school teachers. The other institutions offer four or five year 
courses for elenssntary or secondary school tea.chers. The latter insti- 
tujjlons admit only pupils that have graduated from a high school. 

There is diversity in the duration of teacher education and it varies 
from one to four years of preparation of aiementsry school teachers 
and from two to five years of preparation for a high school teacher. 

The certificate will define whet subject he snould teach. 

At present.there is a confusion in America as in England as 
to what oraount of professional studies should be included and_^vjhat ex¬ 
tent academic subjects should be studied in the teacher education 
courses. The tendency is that the teachers should be broadly educated 
persons, thoroughly conversant with the supject they teach and that tie 
time spent on education should not encroach too much on the time that 
should be devoted for general cultural education. Usually l/8th of 
the time is devoted for professional studies, and practice of teaching. 
This requirement is prescribed by the States for purpose of Certlficatioa. 

The curriculum and courses of studies in teacherstraining 
institutions are strongly influenced by the changing aims of elementary 
ana secondary education. The movement in lavour of extending the- 
scope for studying science as a subject of general education as against 
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early and no.rrow speciolisatlon has brought into the curriculum more 
of science for general education on tho one hand and the expensive 
study of such topics like 'growth and developnent of children and 
adolescents', 'meaning of interests' and .!the learning process' on the 
other. Tho second trend we notice Is that the science teacher in his 
work should not merely depend on routine sk311, prescribed courses of 

I 

studies and text-books, bufc he must be able to utilise the applica- 
tlon of principles toJ^^oblems of life. The treining institutions 
should provide such a situation to develop those adaptable capacities. 
Further, there is a change In the teachers' status. The teachers being 

A 

used more anci more as advisers and participants in the management of 
the department of education. So the teachers' colleges have to give 
them troining in curriculum construction and fixing other policies in 
the field of education. 

Whether he•iSaScience teacher or not^a new importance is attached 
to the place of teacher. They hove to be politically and socially 
all^ert though they do not actually practise. The science teacher is 

expected to be industrial mindS-dlln addition. His work in the school 

science laboratory is only part of his work. He has to inspire the 
activities of the science club and the other hobby dubs like^ Photo¬ 
graphic Club, Mechanic Club, Flying Club, etc. He has to guide them 
to collect and prepare science news bulletin. He has to take them 
for field-trips and excursions and to various centres of industrial 
importance. Naturally^the training colleges will have to provide 

suitable facilities for training science teachers in all those aspects. 

No doubt ^they do imintain a practice teaching school or teaching la¬ 
boratory, But a good number of other schools also will hai^e to be 
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taken. In additio^j various types ol Coramunity Servico Agencios, 

Camps 5 Play grounds^ Libssries, Co-operatives are to be utilised* pro¬ 
vision and programmes for field trips, excursions and visits fo 
factories are also to be included. 

The curriculum of the four year Teschers' Colleges includes 
subjects of General fiducation, Specialisation in one or more allied 
subjects. Professional studies and Practice tesching. Nearly half of 
the time is spent over the subject of science in case of those who 
specialise in science teaching. 

Those vjho want to become science teachers in a Secondary school^ 
will have to study upto the standard fixed for the degree. Meanwhile 
l/8th of the total time is devoted for professional studies. Then 
they will get in addition to a degree in the subject,the certificate 
for teaching also. They may even study forona year more,after taking 
the degree In the science subjects and specialise in the teaching 
of sciojose. 

The ^©neral education for science teachers in America is rather 
coni'used in its scope. In some Universities or colleges it consists 
of orientation courses in sciences in addition to tliose in humanities 
and social studies. In others it may consist of a collection of in¬ 
troductory courses in separate subjects that make those groupings. The 
purpose of thssfe courses is to enable the prospective teachers to further 
the development of their knowledge, skills and attitudes and interests 
that are fundamentally related to their needs and responsibilities 
shared with contemporarieSjdestined for other vocations. 
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In tlie training collegos there is a brencl to integrate courses 
together just as there is similar integration in school currlculam. 

The prspective teachers wbj study the general edu-ation subjects in the 
first two years or distribute the same over the entire period of the 
training course. 

History and Principles of Hducatioi'-, Educational Psycho-logy, 
Class-roora Hcumgeraent, Seneral a.nd opecial Methods of teaching and 
Practice^'^eachlng are usually included in the courses of studios on the 
professional side^. The methods of teaching science include lectures 
and practice of teaching. 

Practlcet^teaching is mainly provided for in the ’Campus' or 
laboratory schools. Observation and teaching are the techniques 
through which they improve their skill and ability of teaching the 
subject. 


As expressed by the Dean, Russel 'the American Concept of a 
Modern science teacher is that he should not be a narrow specialist but 
possess a broad cultural or subject background in addition to the skill 
in the art of teaching and being able to assume a position of leader- 

1 7 

ship both In the school and in the community’ 


Reorganising our Training Programmes to Turn out Better Science Teachers 

At present there is no legislation in any State of India pro¬ 
hibiting non-certificate holders from teaching in a Public or recog¬ 
nised private institution though some States while appointing,appoint 
only qualified or certified teachers either as a preference or as a 
policy. Evidently we have in the country a good number of untrained 
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teachers worl ing in both the primary and the middle schools. "Train- 
inc ^'or primary school te-chers and education for secondary school 
teachers" v/a,s held good even in Ijndia for a time ,as a result of uhich 
the toacher’s preparation for the secondary schools is a later effort 
in our educational history. Therefore ue find oven in the secondary 
schools a good number of untrained teachers. As per the Report of 
the Oovornment of India for the year 1953-54 published in 1956 the 
percentage of trained teachers in the primary school uas 62,4>j where?swv 
the secondary schools it was 56.1/^, In the state of l-iysore it is 
comparatively less. The trained teachers In primary school in the 
same year was 33/o and in che secondary school it was 43^^. In some 
States vJhere preference is given to trained graduates while appointing, 
the perflentage of trained teachers will be high. 

In the majority of States there are three stages in the pre¬ 
university education - Primary, Middle and Higher secondary schools. 
Even in the Secondary Jiducatlon Ret)i”gani"satitMif Commis¬ 

sion's Report there is a suggestion to have primary education upto 12 
and Junior Secondary School upto 15 and Senior Secondary School upto 
18. That means there will be three distinct steps even in future. 

But some of the States are having only two stages - primary upto 13 or 
14 and Secondary upto 18. It is clearly evident that the proposed 
juniior Secondary School is merely part of the secondary school. For 
purpose of orgonisatlon^the pre-university 
education as two distinct stages, namely primary and 

secondary. Naturally we have to thinlc of teachers with two distinct 

, of 

levels qualifications for these two institutions. The teachers in 
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primary schools 'should possess s. certificcto of hti-vlnc 'ps-ssed the 
I'L triculritlon or the Jixaiiination. where as those for the Secon¬ 

dary Schools should generfilly possess a degree of the University, 

j . . . If'o-S'ilroyi 

ICeeping tais in view 'when we examine the we notice that the 

majority of teschors in the primary school do not possess that ous-lifi- 
cation in goneral odu'-’atlon. This is hecause, formerly the qualifi- 
cotion prescribed for tlie primary school teachers vjas comparatively 
low, Sven in middle schools or junior secondary schools we do not 
find that all teachers are university graduates. The majority of them 
possess only S.3.L.C, q_ualification or its equivalent., This :ts not so 


ba.d. Teachers in other countries,teaching the same standard^ possess 
similar qualification, though there is a tendency to replace by gradu¬ 
ates. In the lower classes of the secondary schools of England Tea¬ 
chers are non-graduates. Similarly in the Jun'or School of America. 


So, our problem is to see that all prinarjr schools are equipped vJith 
teachers with S.S.L.C. qualification and all secondary school teachers 
with University degrees. This requirement is particularly essential 
for science teachers. 


The foregoing paras make it clear that both the general and pro¬ 
fessional qualifications of our teachers particularly in the primary 
school,is quite inadequate and naturally they cannot make the instruc¬ 
tion as effective as it could be. This is particularly true with 
science instruction since many of the teachers possess only primary 
school certificate, that too when the courses in that grade did not 
include the study of science. So,they cannot be expected to teach 
science. Even, in the secondary schools ^new problem'' of strffing parti¬ 
cularly for teaching science has arisen after the introduction of 




gener&l science. That sspect also is to be consiaered. Hence 

there jo need i or increcsin^-;: the general qualiricataon oi' s^lenee 
teachers for the primary schools ana^ consideration of the qualifi¬ 
cation ol teachers for the seconaary schools; on ttie professional Si.ue 

jfuV 

facilities for training teachers both for the secondary and^the primary 
schools are to be increased. In addition, tne reorgajiisation of 
education has orought in nen proDlems on the professional siae. t ur 
training courses are to be reorgrnised so as to meet tne new aetnand. 
Hence it oecomea clear that the fceeenlng of science in xhe new orga¬ 
nisational set upjdemanas an immediate reorganisation of teacher, 
educat'inn at the tV'Jo levels f3oth in its academic ann professional side. 
The rest of the chanter 1s covoted to a consiaerat.i on Oj. how we can 
T'eorgani,sw the general^professional sides of teachers'preparation so 
as to /aeet the new situation. 

Beorganisatlon of Tec-cher Bducation - (Under Graduate Level) i 

As indicated earlier an effecti\/e science programme depends 
largely on tne efficiency of teacher. His efficiency shoulu be in 
two fronts. He snould be efficieni; in his subject or subjects and 
proficient In his work as teacher. The modern outlook on teachers^ 
preparation takes into account both his academic ana professional 
aspects and that is why there is a tendency to avoid the term teachers' 
training in fevour of teachers' preparation or education. Basing on 
this conception of teachers' preparation,a number of countries have 
combined both cultural and professional aspects of teacher education in 
one course. Hence,while considering the reorganisation of teacher 

education,we have to deal with the cultural and professional preparatio 






oi tej'Chers^ tofe© ther B But,i or purpose oJ convenience tne tv?o siues 

ore separately aealfvjitn in tois book. 

The Cultural Side of Teschers* Pre-paration*. 

Science being 0 new subject special attention Is to be paid to 
ensui‘e that xhe oecchers are acquainted with ii; atleost to the extent 
essential to terch the boys and. girls in the primary schools. The 
raa;iority or' teachers iioxj in servi^-.e,possess very low gonerai qualit'i- 
catj.on. They were educated at a time v^heil tnere Wc?s no science in 
the primary schools. Others wuo possess S.S.L.C. quailt'ication^ woulu 
have studied the subject to some extent. But the general science as 
Introtoced in the primary schools novj, includes topics oi‘ astronomy, 
chemistry, biology, physics, etc. Hence tne teachers who are entrustec 
wj-th the worn of teaching science should have -studied science upto the 
B.o.L.C. standard. Ho doubt, that is the minimum equipment essential. 
But me variety oi topics that are to be Included In the primary school 
curriculumjPequires greater width oI knoivledge in the iield on the 
purt OL -Che teachersij^t all,they could successfully assist the children 
in getting science experience. Hence, in addition to what science they 
have studied in cne S.S.L.C. class they have to studyltin tne training 
institutions to some extent,to that tney may know the meaningj^if and 
scope of thesiftoplcs which they have not studied in tht: S.S.L.C. course 
or wnich they have not studied upto tne requiremenx. 

Professional Side ; 

Generally the teachers after S.S.L.C. will have to get them¬ 
selves equipped with the professional training before they could be 
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entrustrjd vJibri i-iie te&ching vjork. At presen'c^tht' education ox 
te.'ch'TS at this level is lor a period oi one year in soaie states anci 
two years in others. Considering the trends in other countries ana 
the particular cultural anu professional requirements oi teachers for 
the reorganised prinory schools to teach pupils upto 13th or 14tn year 
01 age^ii, Docoraes evioent tnat the period of ceachcr education in uhe 
under-graduate training institutions snouia he extended to tvjo years. 
Then it is possible to give the prospective ceachers opportunities to 
study the different subjects, particularly science, to s deeper end 
broader level. The teachers should also receive training in the use 
01 laboratory tacilities,particularly to prepare some ot the simple 

(MfudU 

apparatus anu appliances to .emonstrate experiments bo ihe primary 

A 

school children, 

Thetei'chers suculu. know not merely tue concent siae of the 
suDjeci but also ics relation to society on xuu one hanu^arki the pupil 
and his ability to assimilate the same on the otnfer. This aspect of 
science snould be studied as part oi the methods of teaching science, 
J3ut the course snail not be purely theorfiticai. Rather^ Ic must 

be studied as a body of experience closely integrated with other fields 
Oi experiences to be provided to children at cne primary stage. The 
curriculum in the methods course,should b« so constructed that import¬ 
ance Is given to the work of providing experience to prospective 
teachers in the most effective ways or approach to the teaching of 
different topics of the school subject. The subject methodologist 
may treat in this way, various topics of the syllabus. The course 
shall also provide adquate experience in conducting experiments with 
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Simple apparatus. This is very iraportarii. since rhe teachers in 
primary schools v;ill have to teach science witn meagre equipment. 
Hence tne oevelopmeat u.l particularly 

in preparing some simple tnings anu using theui ior conuucting experi- 
laenirS jsiioula ue coni>iuered as a very important aspect oi the profes¬ 
sional training,particularly lor teaching science. 


Id this connection it. must be Dome in min^ cuat there is no 
need ior specialist teachers in the prluFr^?- schools for teaching any 
subject. S 05 trie Science teacher oi primary school is a general 
teacher teaching ail suljects. Therefore tne prox essionai. course 
should be so oesigned as ^0 enauie the prospective teechers to recog¬ 
nise ti.'e inter-relatedness oi each oi the subjects. Hence methods 
Ox teaching miy be an integral part oj the general methous oJ’ teaching. 
Since a single teacner has to hanale all me subjects me teacher 
will have to study idj© laetnous of teaching science as part of the 
general methods oi teaching. 


The training Colleges will have to introduce tne pupils to th^s 
newer techniques ol teacning science. Instead 01 sticking on to the 
textbook method, otiier modern and aioernatxve met nods may he intro¬ 
duced. The Project method, Discussion Method, Unit Method, Seminar 
ana korkshdp Technique, the problem Metnod, etc., may be included in 
the courses oi stuujf . In general raetnods. The teachers may he 
Specially trained in organising ihe subject in the unit-problem type 
anu try to teach the same by the problem solving technique ^whenever 
it is possible to do so. Science is being introduced in the Primary 
Schools oi our country since a few years. It is essential to organise 
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tne instructiou oi otie s^iiie on pruper lines so u'io,t ui^ pupils may 
©iisure 0 proper Luun'-c.i.t i.on on i" 7 hien iurthtr scienco expGr.lences can 
be addou un in bUv, nigher institu^xons. For ouis purpose a proper 
scientiiic atmosphere in pririiar 7 scnocls m-'j Liave to De created. This 
is portKCuiariy essential -go unuo the supers!itious poiieis that 
have been developed in Lhe minixs oi cne pupils. The oest way oi 
unao:u\i those oiemehos is Lu niece pupils, in situations =^.nu activities 
thu.t are DL-isea on realistic idiealogy, Ib lo lelL Gnat uhe various 
activities connected v'Jitn science expcricnv^es vjhen properly organised 5 
noL merely enrich tne science curriculum hub aioo help uu aevelop 
their love ana interest in science on tne one nanu anu one spirit axiu 
ettituoe 01 science on oue other. The prospccoive i,oocners or cue 
primary senooi suouLu be gj.ven opportunity In urainiiiji euileges ,oo 
gee expcrieii'-e in organising cue lullowing accivities as loems designed 
ti.. enrich th,e school science courses 

1 , irganising excursions to che various cummunity resources 
iiice the Factories, iioologicai auu iiQtr.nica 1 U-ardens, 
birds’ Sanctuaries, hydroelectric projects, Tovju-'water 
supoiy 'dors, etc, 

h. Organisihb conducting science ciub^, scnool rauseums 
aiJu science laii'ss 

3. Preparing various cnarts, auu alas tu scientific 

interests in tue pupils 5 

^ 1 . Dse ol Projectors ariu. Geacning a ids 5 
5 .Preparing simple apparatus anu appliances out ox ordinary 
WoodjClay, Plaster, rietal, etc., to serve tiie pur-poae of 
demonstration 01 some experimexits, am 
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'i'nu luj. or;-' 1.111 ux oetellers tiuouiu aran up aieir 

pi’ugrc.iiimis ui woi'.u j.n ^ucu c. way as u'.j ueveiop in uue ueacner 'tuc pro* 
iessjunaj. pniloaophy of the subject oi science instead ol‘ training 
them mereli^for some skilled job,assisted by a feu tricks of the trade, 
It is tneir outlook towards science tnat shall uor.k ss miracle in 
assisting the children to develop a lasting interest in science ana 
its applications to man-kinu. For tnis purpose some aispects of the 
biographies of scientists, the role of scienLie in human affairs, tne 
uonaers that science is creating and the Intellecuusl adventures of 
man in tne fielu may be included in the coui'se of study. 


Practical oide oi the Course; 

It is usual for btiw undergraduate teachers’trt ini ng colleges 
to !aoint,'ins demonstration or practice teaching institution to serve as 
a Platform for providing practicr-i experience to the tcechers under 

training. Many a time this provision becomes inadequate and hence 

Ot 

other institutions will have to thou^t oi . It is necessary os a 
pre-requisite of successful practice in science teaching^to maintoin 
a suitable laboratory in the practising schools. A well-planned 
science room is also essential. the science rooms may be equipped 
with portraits oi the heroes of science to inspite the class room 
atfflosph*'re, The teachers under training must regularly plan their 
lessons ana get the approval of the subject methodologist. Then they 
must try to meet the science teacher in the practising school and with 
his assistance prepare for the lessons. Beth the training college 
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subject fflsclodolist and the subject teacher oi' ttie practising 
school must share the responsibility of training the teachers in the 
practical sine, 

G-enerally,practice of teaching in science is spread over the 
■whole year. It may be advisable bo think oi introducing block-sys¬ 
tem of teacning for some weeks at^lesst. This w.i II help the teacher 
to practise as a full teficher with tfec ail the associated responsibi¬ 
lities. Ho doubt, fcbis -involves various difficulties particularly 
tt' provide suitable schools for the purpose. Attempts can however be 
made in Institucions where ic can be tried. 

In the training institutions dfi the progressive countries 
importance is being attached to the organisation of seminars and work¬ 
shops for teachers under training tc provide experience ins 

(a) Curriculum study and evaluation’, 

(b) Construction of new type tests; 

(c) Modern approaches to the teaching of topics; 

(d) Preparing working syllabus for class-room purposes; 

(e) Running Science Ciubs; 

(f) Organising Museums; 

(g) Organising Science Fairs; and 

(h) Preparation of teaching aids; 

The Training Institutions may try to provide opportunities to 
the pupil-teachers to get experience in the above fields as they go 

to improve the effectiveness oi the Training course. 
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.u^__..c.oU).'S0S l).l .jTiuciifes ir^X. uLitj j^-'Ob u-Graauri utj icyelt 

The v;o.T'k of training teachers Is receiving greater a^xl grea Ler 
attention. This is evidenced by the stBosciy increase in the number of 
training institutions. The following statistics-ldetails imlcate 
bow during the second quarter oi bnis century^tuc number of colleges 
and tiLu number of students urtLer training ^have increased in India; 


iear 

No.of students 

. No,of 

1924 

105 

1 

1932 

357 

5 

1940 

730 

11 

1948 

1818 

27 


(Adapted from the Report of the University ® 

Education Commission - 1948-49) 

After the advent of freedom this work received greater attention 
anu by auout 1950 tne number of gradualte-teachers under training In¬ 
creased tc 3,000 ana by 1957 to 19,000. There is a rapid growth 
both in tnc increase of the seconaary schools and 3n the strength of 
the children in the schools. Naturally there was a greater demand 
by the schools for more and more terichers. In 1953 the total number 

of Children under instruction in the seconaary schools was 60,00,000. 

The teachers VJorl ing in the same year were 2,70,000, Out of them 

teu-hers 

we may roughly expect that l/^th of the number may be science^ since 

sclencie forms l/6tti of the school ourrloulura. Separate statistics 

however are not available for science teachers. imong them 56.1SS of 
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the teachers ucre trained. Bo there vas a huge nroportion oh secon¬ 
dary sciiool science teachers who were untrained. tpaturaily, it. becomes 
necessary to reduce tee iiuinber oi' untrained science toachors. For 
this pulp.one efforts are being iiade to increase the nur'ilDer of post¬ 
graduate treininh colleges on the one hand end to raise the capacity 
of existing Iraining colleges to take and train uore pupil teachers 
on tne other. In 1950,the total nurnbor oi pupils was 3,000. In 
1957^ it has increr-'sed to 12,000. 'fh’s four-fold increase is mainly 
because oi the realisat5.on oJ the need for having trained teachers,on 
the one hand and the rapid expansion of secondary education,on the 
other. Along i'/itn the increasing of trainring colleges to expend 
traininci’ programt^® it is necessary to realise that the quality of the 
trainiix should also be improved. Therefore, ip becomes inevitable 
that a thorough reorganisation, of the courses should take ploce sb 
as to ensure that the education of teachers at tnis level can be 
imparted on moaern and effective lines. There is another aspect of 
teacher education which is more intimately related to this problem - 
l.e., tbe Pre-professloral or Preservice education of tecchers. So 
we may take up the problem of reorganisation^after conslaoring the 
preservice education of teachers. 


The Pre-Service Education of Science Teachers ; 

It is usual to consider tne education received before joining 
the profession as teacher in a school as pse-service education. This 
includes both the cultural or general education and the professional 
education. In Iniia the post-graduate teachers* professional educa¬ 
tion commences after graduating themselves in Arts, Science or Commerce 
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Their studies upto that period djeusuaily considered as cultural or 
general education. The teachers thrcugn their professior^l educa¬ 
tion snould realise tne implication oi the su’b;]ect they have already 
studied for the irdividual and social lii e of the children to 'Whom it 
is to be taught an'‘ how best that particular subject experience can 
be provided to the pupils In a certain cultural environment* 

In the Secontiary schools generally tne teachers are special¬ 
ists or subject teachers, teaching one or two subjects oi‘ their spe¬ 
cialisation. As already notic^ed there is a tendency among the 
curriculum constructors to integrate related subjects into single 
wholes so that pupils may have a sort oi unified and natural type of 
experience. T! is tendency has greatly Influenced courses of studies 
meant for the teschers’ preparation, 

Meed for a Broad General Education for Science Teachers s 

At present the secondary school science teachers possess a 
degree ox the University. Usually they vjill have studied two or thfee 
branches of science in addition to English aal the mother tongue. 

Those who are Honours graduates will have specialised only in one branch 
01 science to a deeper level and in another ,to a comparatively less 
deeper lavel. This was probably a suitaole type of sciene education 
for teachers in the seconuary schools when science was studied there 
in the form of its special branches like Physics, Chemistry or Biology. 
In recent years,attempts are being made to have a course of general 
science in the secondary schools. Naturally for teaching such courses 
the teachers should possess a broader knowledge of science. They must 
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hcve studied as many branches of science as possible at the degree 
level, Buch a facility is provided by the survey couj'ses that exist 
in sorao oi.' the American Universities. Hovjever atteapts are being 
made in some oi tne Universities or Inaia to offer integrated science 
courses to the science sciiuenrs. In the University oi l'■'lysoj‘e there 
uere such corabinatiomas Physics, C he > is try ana Biology. Bucn em 
combinations \j:l11 certainly proviue a broader experience to the science 
teachers in the subject which they intend to teach. Four oi the 
academic branches :i' science are thereby studied by them. But in 
recent days in all the Universities txie numb-r o± science subjects is 
restricted to two only - one major end another minor. Though such 
a coui’se ensures deeper study oi one or tne other branches oi science 
it fails to provide adequate breadth of experience. Bucli graduates 
moy be suited to teach tne upper classes oi the seconaary schools 
where pupils may be permitted to specialise in one or the other branch 
Ox science. nut suen science graduates like tne honours graduates oi 
the earih r days,are not suited to teach generoi science which includei 
topics 01 Physics, Chemistry, Boteny, Zoology, Geology, astronomy,etc. 
Therefore attempts are made to introduce the follcfi';ing types ox' new 
combinations for B.oc. exomination in some Universities; 

1. ueneral Bcience - Major 2. Geneial Science - Major 

Chemistry - Minor Physics » Minor 

3. General Science - Major 4, General Science - Major 

Botany or Zoology ” Minor 

or Geology - Minor 

If such combinations are offered the courses of studies in general 
science for each combination should vary. In the first comMnation 

General science will not include many of the avaderalc aspects of 
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Gheriiistry as it. Is to be studied as a minor subject by those who se™ 
lect tuat cDrabinction, In the secom combln.ntion Lne genehai scierKJe 
course differs from that ox the first combination as it does nob in-® 
elude bus o^adenio topics of fhysics. hlrailorly too gonerai science 
coui'so nf any aombim t-iop duas not include topics oi the particular 
minor subject which is studied axon,, with jt. 


If siicn courses are introduced cue ini^ondins toachers can hare 
a broad“]v.ayed sclenco education which is so essential for teachers to 
teach generaL science in uhe secondary schools. 


Another suggestion to provide a suitaole cultural education to 
Intending teachers is to have a four or five year degree course in 
■which tna professloml course also is integrated. In fact, such a«t 
integrated courses are found to function satisfactorily for other pro¬ 
fessions like BBdicine, engineering, commerce, veternary, textiles, 
agriculcuro, etc. Such a four or five year degree course in which 
education (botn its theory ana practice) is integrated is consiuered 
by Some thinkers as the best type of course. Such Colleges are insti¬ 
tutions that can provide both the cultural end profession^’ L education 
Lo teachers. The only argument ag-.inst such a reorganisation of 
coui’sGS for the graduate teacher education is that teachers commence 
their professional practice before they are culturally mature. Such 

ci 

a critism applies to other professional courses also. Such a course 

wn- 

df teacher education is not common in England an<l quite common in the 
continental countries am America. In the new British University of 
lorth Staffordshire however, education is integrated In a four year 
degree course. Such an integrated course can certainly provide a 
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btitter bype di tuachur education. But such collejes do not 

I hlniJji'n- 

e::ist^ 3ut education is hOTever offered as a cultural subject in 
the (leuree CLurse._but it does not include oracticsi aspect of the 
subject. 


Until i'/e can fina support for stcrta.ng 
teachers'prepare ti on it is unavoidable to thinic 
separa e institutions for teschrir education. 


such instjtu'Gions for 
ol two aifferent and 


Uith rc:;ard to the preparation of science teachers the exis¬ 
ting science course at the aegree Icvei^snoula ' e so reorganised ^ 
as to: 

i. provide a oroader experience of the subject of science 
in generai| 

ii. include more of cultural anu methodical aspects of 
science^ 

iii, provide better practical experience, and 

iv. provide better nian^Lpulatory and raechunical ability 
and skill. 


Teachers for Teaching The Special Sciences: 

In tn- new scconaary schools science is one of the electives 
and pupils are allowed to specialise in any two branches of sGlerK;e, 
Naturally,those wno select science as an elective subject may special- 
lise in those particular branch or branches of science kiter, in tne 
University. Therefore they have to study the subject wirn an 
academic interest. Whether ^uch a specialisation as early as 13 + 
or 14t Is advisable or not is a different aspect of the problem. But 
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■vje hc'-ve also tc' consiaer ’che problem oi preparing ti-achors for cerich- 
ing UiO'ie \'Jho specialioe, Furtner, thi: preparation oi auoh acience 
tscchers Is unavoidable i'or teaching science at the pre-unlversit;'/ 
level. Some may go to the extent oi saj^ing fnac no professional 
preparation lor such teachers is essential. Yet tuc cultural aspect 
oi the teachers preparation a-^ieast is to be considered here. liany 
educators consioer that a good raaster's degree in science is quite 
adequate ior teachers uho have to teech such pupils vJno are specialis¬ 
ing. For a teacher X'/ho is in charge oi pupils, specielis i.ng in Che¬ 
mistry at the University level snoulu possess a good degree with 
Chepiiatry as a major subject and physics as minor. But some do ieel 
that he snoulu possess a Piaster’s Degree in science. In the lower 
grades oi‘ secondary schools there is no need for such specjalisation 
on the part oi the teachers i’or handling science as a special subject. 
It is enough ii they have studied tnat particu'ar subject in their 
degree course. 

The Professional Side oi the Problems 

Since the iirst Coni“ 6 ren(..e oi' the Training Colleges tnat 

met at Baroaa in 1950 attempts are peing made to reorganise the courses 

of studies relating to teacher education at the post-graduate level. 

The efforts of the successive coni’erences held at Mysore j Bangalore 5 

Hyderabad, etc., hasp resulted in the recommendation of a scheme of 

reorganisation oi teachers* college courses. The reorganisation ag 

q 

suggested by the coni'erence is on the following liness 

1* The candidates ior teacher educetion courses must be 
selected after administering in\.eiligenc,e tests, 
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persotiaiiLy assQssmetiT: ana Interview, In I'act this 
inG^y be supplenoentecl by taJiing into consiaeration theij.’ 
perfoMEi-nc© in the degree examination. The candiuates 
must have studied two specific subjects, one at dhe degree 
level ana one at che S.S.U.C. level; 

y. The candidates wno comt. for teacher education snoulu ags-in 
experience in the newer techniques like semlmr method, 
workshop raet/iod, diocussion class, tutorial worn, etc,, 

h. There be only I'oiuc subjects in tne theory group. One 
of them should be the study of the metnods of teaching two 
of the school subjects; 

4, Better provision for practical work snould be made. This 
shoulu include,among other tnings, studying tiie school 
science block,laboratory ana its organisation, etc; 

5 , In the examination of mams should be set apart for 
theory ana the other bOfo for practicaf; 

6 , Practice teaching should include weetcs of block teaching. 
15 lessons during this period snould be given. The rest 

of the practice teaching may be spread over the remaining 
year and eech candidate may give 15 lessont. atleast', 

7, Theremay be atleast one teacher on th- staff, for every 
10 student-teachers; 

B, There may be an internal examination instead of an external 
one so far as practical is concerned. 35^ of the mariis 
may be insisted for a pass*, 

9 . Arts and crafts laboratories my be added to all teachers’ 
colleges. 




- 406 - ‘ 


Tht; above scheme reduces the number of subjects to l'«i'\ 3 ar on tne 
theory siue^thereby giving greater importance cu_ Lhe^spociai subjects, 
like^ science ana ocner school suDjectSs The importan,ce given to 
practical aspect both in tne exatnination anu. in the. uraining course, 
in ctxti allotmeat ol timejis particularly advo-ntageous for pruviding 
efficient training in tne teaching of science. The suggestion for 
organising separate lanors-tury eiisures facilitmfor science teacht;rs^ 
to get trained, in sucLi laboratory techniques like micropreparation 
technique j hauclling some of uhe technical apparatus anu appliances^ 
glass oeMlnn, glass blo^^Jing, glass welding auu. in she art of nanag- 
ing the laboiatory. 


In addition xo ihe above, I may suggest a few more items of 
reorganisation in tne yorh. oi the teechers' colleges witn particular 
reference to the education of science teachers. 


While selecting- teachers fur tne training coui'se it must be 
insisted that tnuy snould have studied as ntiny science subjects as 
possible in their degree course,that find their direct application to 
secondary school subjects, a candiuate wno has specialised in one 
branch of science lacks tne width of knowledge in the subject oi 
science as a wnole. It is the wtuth tuut counts in teaching general 
science^ particularly-in*-the lomer, grades, , If saciitbEPidsclence courses 
do not exist in the Universities it is high uime,we,must take suitable 
measures to institute such courses as ohe survey science courses, 
particularly in tu© interest of getting suitable science teachers 
for secondary schools. 

A.t present the work oi the training colleges is generally 
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criticised to be t/ioro theory-centred. .ibis parb-'cnlnrly applies 
tc l.Lc trc.in.in.c oi science teachers. Lectures inclui-e sodo aspects 
01 toe scope, aim ana metnoas oi teaching the subject. Rather,tne 

thoorfitiCc'i aspect shoula incluue trea-tciKsnt oi topicTl-Jhicb ©.ro to b© 
taugho in the secondary scnool. The Method wasters way dej.ionstrate 
in cLie class tue particular approaj-h to the toaebing of many of the 
major topics, ihis n'ill help the teonhers unuer training ^to connect 
thoir knowledge ot the theoretical aspect of the raetnodology to its 
practical value. Hence the courses oi studies under theory,way in¬ 
clude as the major part, 'approach in the teaching of topics or treat¬ 
ment oi topics. 


DuL'irog the course of the year,t!ie i.ietboa waster in science may 
hold seminars, workshops, discussions etc., to train the terchers in 
the newer techniques in wnich science ca.n be taught raor*;- effectively. 
Since activity is the essence^any good techniquci of teaching science 
tne teachers under training' may be given opportunities to gain ex¬ 
perience in the organisation of certain science activities to ch7-ldren 
that go to help the teacher and pupils to realise tne objectives of 
teaching science, Haturally|a good number of science activities are 
to be provided as part of the course^for training science fcnachers. 

If they are merely called as extra-curricular or cocurricular activi¬ 
ties the teachers may not take sufficient interest. They must he 
treated as correlated activities and. should be treated as part and 
parcel of the regular course ^ of study in science methods. The orga¬ 
nisation of science museums, science exhibitions, scit-ncG discussions, 
starting ard running science clubs, issuing of science news bulleti|'in, 
organisation of excursions to factories, fields, botanical gardens jStc. 
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slioulci ba i:ts3st0d as part oi' the course for science teachers, A 
systematic evaluation oi' their participation in this worh may be made^ 
and it be considered for purpose oi exa'ninetion and certification. 


Anoahor aspect oi the reorganised courses oi studies is to 
prov-uie adequate tutorial assistance to the teachers both in tneir 
special subjects and in other subjects. It Is by this moans that the 
individual difficulties are diagnojjfeed and reiibedial measures are 
sought. The problems and difficulties of inJ ividuais differ from 

A 

jndividual. Naturally it is possible for the staff to pay indivi¬ 
dual attention through tutorials. Iveu uhen group tuitorials 

are hela^tbose groups be smallindividual attention will 

be possible. 


Practice of Teaching ; 

In 'iTpiny of the teachers colleges the practice of teaching 
at presentjis spread over the whole year. iSach student will give 
two lessons per week, one in each of the subjects in which he is 
specialising. In a few colleges "block system" is practised. The 
’spread over' system has certain advantages. The pupil teachers 
as they have to give only two lessons in a week,can go to the class 
witn good preparation. Further, since their practice is spread over 
the whole year they will have ample scope for reflective thinking 
over tne particular problems arising out of their practice teaching. 
Similarly,certain other advantages do exist in the block system of 
practice teaching,The pupil-teacher will have opportunity to 
work as a full teacher and gain the imnifokl experience of the 
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profession. Particularly tnc science teacherswill h." ve atuple scope 
to know various aspects oi laboratory arg-''nisation and up-keep ana 
the use ol the apparatus and appliances. They can also gain ex¬ 
perience in Gonc.ucting praictical classes anci In tho activities of 
tne school science club, field trips, etc. Hence it becoiies evident 
that a good, system oi practice beaching should try to include the 
above two types. The pupil~ter'ch&rs may be usked to go for block 
sysioia oj' practice ter ching for soiae weeks. They may have spread- 
over system for the rest of the year. If block syste’a is followed, 
during tnat pmoa the college will have to suspend lecture work. 

Whenever there is "block system" of pracbico of teaching,the 
pupil-teachers will have to be informed about tne topic tney have 
actually to teach in a particular school^well in advance. JSach 
of the pupil-teachers will have to prepare for that particular topic. 
The topic may include a number of lesson units. The concerned 
pupil-tencher will demonstrate his preparation before his subject 
specialists and his classmates. He will, in the case of each lesson, 
elaborate the way of approach, the particular problems he raises and 
tne particular teaching aids he uses. The group, under tne super¬ 
vision ana guidance of their method master, will discuss and offer 
their own suggestions to improve hSis way of procedure. Thus every 
tec.Cher will make a thorough preparation witn regard^ to con¬ 

tents ana methods .for the work he has to do. This enables the 
tfiacher to teach the subject in the best possible way. That is why 

WWcUfv- iKc, 

the lessonSgiven b^ some of the pupil-te&chers^are much appreciated 
even by experienced teachers. 
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Iq addition l.o the actual teachlu-j prectice tne teacher 
uncier training suoulu have adequate opportunities to observe the^ 
lessons or'^-trobh to be given by the staff 

membei’s and tne pz’actice lessons to be given by their own classmates. 
They raut>t also get experience of evaluating the teachers instructions 
procedures by participating in the criticisra classes. 

Since in the new scheme of the training course,toe pupil 
teachers are expected to do practical work in every subject and marks 
are set apart for the same^ it is possible in the case or science 
teachers under training to gsln experltoce In the following aspects?- 

1 . A.cquintance witn the school science room ana laboratory 5 

2. Organisation and equipraenn 01 the science laboratory'^ 

3. Preparation of some of the teaching aids useful for 

ftifi^lessons 5 

4. Experience in managing the laboratory, 

I 

5. Experiliince in manxkpuldting glass, metri anci otner 

materials to prepare simple apparatus and appliances 5 

6 . Experience in assisting pupils in collecting materials 

for issuing science nevs bullet in 

7. Experience in assisting pupils to organise and conduct 

science clubs. 

The practical aspects of the course as elaborated above can be 
better provided particularly when the teachers* colteges have their 
own practising high schools. Even when they have to go to private 
schools for purpose of practice of teaching such experiences can be 
provided if block system is follow'd for some v/eeks, 
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Cultural Aspects ol Teachtjr' , aduca tion % 

A . . . ^ 

As science is ."rowlnr^ rapidly ano^broad concepi dj. teacher 
eaucation includes not ’'rierely tne professlon'-i l su'G bui. r'lso its cul¬ 
tural Slue, attention Is ix'ln^; pfiiu. to provide expbric,'n;a in cne 
sut3ject in Union tney ore specialising^in its content sicie also. 

This Oi‘ eouu''soj Decodes part oi the repulfr non. ot tho Institution 
iJ‘ educatinn is intogro !,ed as one oi bne subjects In che I'our or live 
year Degree Course as in tnc liberal Arts Colleges ui America, In 
case ol‘ inuependenL, ter chers'colleges alscj iectures, se.'-n'nars, work¬ 
shops etc., can bo had on various as peers ol science wDicn they are 
going 'CO i;ei.ich later on. This -^s possible wnon chc training colleges | 
seek the co-operation oi the other science departments oi tho Xlniversitj' 
Then ^tue new c.uncept ol teacher edut;atioa‘tot t tao teachers should 
not mTely i eep abreast oj‘ ohe grov/tn oj’ dicir part.ucnlrr subject oi“ 
specllisation dug also see it in lull relation to aipplication to the 
lilb Oi the puiDils to whom tney he vo to help in learning it can be 
iully apprecio ted. 


In-Serviee Training oi Teachers; 

Education is a life long process and it is pfirticularly true 
w-itn ter.chers. Our concept oi educating the caildren Is continuously 
changing. The technique ana contents oi instruction are also chang¬ 
ing ^very frequently. llaturaLly, a teacher in proiession, though once 
educated and trained, requires further education anu training. This 
aspect of teacher’s further preparation is generally knoim in-service 
education. The subject of science is particularly groi^ng. The 
interstellar space exploration which was merely a poet's dream a couple 
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or years ago, has now become 0 reality^ Thti 
nature 01 bning'S rhe t we hsd a deccicle ago, has 
t'iea. As a resulx oi this rapiu gj'owth o± s 


c’.oncept Oi t;he ultimate 
now been greatly modi” 
cience boLh tn qualify 


aiiu quauitity jclit# teacher cannot merely teach v/hat no learuL, and how 


he learnt as a student. Further, the technique 01 teaching is also 
changing. Wo other aspect of science education has undergone so 
fflucri improvement as that of its teaching technique in recent years, 
Henco ir malies all '^ne more necesse.ry ,tnst a r'' 2 ular provision for 
in-service training of science teachers must he raaoe in our educational 


orge nlsation. 


The in-servire education of teachers resolves into two faces - 
the concent side anu the pruxesslonal side. It was till now consi¬ 
dered that che ceachers’ colleges should be responsible only to the 
prolessiono-i siue of ’it, whether it is pr&eervice or inservice edu¬ 
cation of teachc3rs. Wov/ the philosophy of training of teachers has 
changed. The teachers' colleges can no longer content themselves by 
merely providing some "tricks of the trade" to the teachers under 
training. how they have to help the teachers not merely to understand 
the children but also to understand the subject in relation to the 
children. t>o they have to take this double responsibility of provid¬ 
ing both the professional ana the cultural aspects of chelr education^ 
particularly for teschers in service. One may say uhat the staff of 
the teachers' colleges may not be proficient and up-to-date in the 
content siue, Though this argument may hold good nothing pregents 
the teachers' colleges from securing the services of the experts from 
the various seience departments ol the university fior this purpose. 
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Types or In6ervl''e Kducation; 

Ineervice education can be organised Tor tcschers on t;he 
io ilovif line a t - 

(a) Day lecture courses on science topics anu science 

teaclning techniques by experts ^nou anu tnen,according 
to B regular programn^tPoy . 

(b) VJeek“end courses extending over one or cvjo nays on the 
progressive aspects oi‘ science or on progressive metno- 
dology of science teaching rney oe arranged. 

(c) Short vacationai courses exteming over a week or so,way 

be organised in the short vacations. workshops, seminars, 
lecture courses on broader areas oi tne topic anu progres¬ 
sive aspect of science education may be organised. 

(d) Long vacation summer courses,extending over one or two 
'ponths leading on to the avjard of certificates in certain 
specific aspects of science eaucation,may also pe neld. 

The metnod of diagnosis, I'e medial programme in sc if nee 
teacling, technique of evaluating tue instructirnal out¬ 
comes, tne metnod of searching for scierce tolents, curri¬ 
cular reconstruction in science, adaptation oi basic 
science syllabus, preparation of working syllabus, prepa¬ 
ration of teaching units ana teaching aids etc., may be 
selected for long term courses from the professional side. 
From the cultural or subject side, advanced course in 
general or particular science, progressive developments in 
science, newer applications of science etc,, may also be 
organised. 
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Most ot the itoms oi* ctie above programme c.an be organised in 
every ueachers® college. In England tuey are organised by che Area 
Irainlni-s Oi'ganisations , Until we can tnliiK ui ^.uch co-ordinatxng 
org3.nis atlons in, Iixiia, the wurk^s lu be shared by i'ouu." agene^s, 
nanelys 


1, University DepartRiem-s oi' Science lor progra.f'fiRies 
on general or cultural side*, 
kio The Department oi Extension bervj.ce iur professlono-1 
courses 

s, Teacht^rs' Colleges iur Proiessional c.uu Cultural 
coUi'SGS, and 

4. The State Departr/ients oi Public Instruction art. Uielr 
Local Administrative Institut.Lons ior Cultural ana 
Proiessional programmes particularly,ior primary 
school science teachers. 

Pwit'hVn®. Gauvse *■ 

The University tescnars' colleges can launch more systematic 
programmes ior che in-service eaducation oi science teachersj leading 
on to uue award oi Diplomas or uertiilcates. The Universn:,y oi 
London Instltuca of Education has instituted a part-time course in 
tuc teaching oi science ior the 'teachers in service^ leading on to -one 
avjard oi a certificate in the teaching oi Science. This is in addi¬ 
tion to tde traditional tidvanced coui’ses in education, lead ini on to 
Diploma in tne teaching oi sclenc8.f»«ui Masters' or Doctors' Degrees 
with a scope ior specialised narrow fielu o± study or research in 
science education. 

The part-time certificate coui-se in me above institute extent 
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over ti;o yecrs tor lenijUtirs in Burvice^ lb pruvi'Jes an adcil-cioiifci 1 
proiessional quaii± j.cation o-l vaiuti to die ueecnt;rs nou only in unw 
personal aevelopmenr oi' mo teacher Duo o-ioo in nis daily work witn 
chilctrerj. ihe course proviues an opporcuuiby co ttio science teachers 
to neve lop j.uily bUcxi skills in beachlnt^ seiouce at uao secondary 
stage cj.nu i.o relate uu-jh teecning to me scieiitiiic Daenground oi 
every day liie. The cuurrje is so r.isrmed as: 

i« to enlarge Luti Incerc-st anu j.ance oi me oeacners' 
scieatiiic out loon omu imowleage; 

id. to introduce Lme:., lu me varieties oi uducationai 

•ceenniques uy uulcix one seientiiic points or view may 
be rustereu; 

J. to brina,' Ouen up-to-date in bntir knowledge anu scope 
or buc laboratory ana otner activities; 

e:, to give tnem some unuerstanding oi ciie history axiu 
philosophy oi sclerjce; 

5. to consiuer m.- results ^r experiueniai xeseifetS^in aie 
teaciiing oi science auu 

b, to review critically tne WurUs- cichieved in terms oi 
stuuents' experiences as a (..oncher oi science. 

It bceorflcs clear, 'cnat the course includes uotn professional auu 
cultural aspoccsol iho teacher educatxon. it uroviues an opportunity 
not uierely to improve cneir qualliication as beachers oi sclejice but 
also enaules tnciia to acquaint bueraselves witn une prugr«ssd\/e aspects 
01 tiic Philosophy oi bcience yauaauion as well as witu ibs progressive 
'techniques anu growing contents. yuen a cuUt.se can be organised, in 
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raony ol ohe tedcliers' colleges for all those teaohers X'Jho are living 

A 

within a radius oi ten fniles from them. Lectures aiid other acti- 
V.1- tie's may be helu on t\'jo evenings in rhe wash in the term period, 

Ji'or basic courses in science the teachers may attend the university 
laboratories belonging to the different science departraenfcs. At the 
end of the course an examination may be held. 


Dinloma Courses in Science Education; 


The Universities may institute Diploma Courses in education 
for science teachers who have completed their B.Ud. examination,spe¬ 
cialising: in the teaching of science. Teachers after some years of 
l^eachlng experience, may be admitted for the course. The coucse may 
ejctend over one year for full-time students and two years for part- 
time students. Those who want to become full-time students and 
improve their qualification may be deputed by the school authorities 
or may be given study leave and other facilities to acquire further 
education. The course may include theory ana practice of science 
education, both in its cultural and professional setting. At the 
end OI the course there may be an examination ani tne results of the 
candidates may be declared after taking into consideration their In¬ 
terest, industrious nature, regularity and insight, as^ assessed during 
the course by a system of periodical assessment. 


The institution of the above diploma course in science edu¬ 
cation will relieve the present congestion in the Master Degree course 
in education and at the same time provide a type of education to science 

<fi( 

teachers in service which is particular^js^ help to their particular 

< A 

work as science teachers. 
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Responsibility o f the States and the Centi-e in the tmtter s- 

Though the above mentioned agencies can organise different 
types of in^si-'rviee courses for science tecchers their fina.ncial 
resources and technical taan-power as uell as tne sphere of influence 
may be limited. Therefore, the State ana the Central Governments 
will have to undertake the responsibility of organising certain as¬ 
pects of the in-service education for science tejchers at their own 
levels. They can regularise, plan and co-ordinate the prograrnraes of 
in-service education, Fui’ther ,they-will be able to pool both the 
financial resoui'ces ana technicsi man-power for the purpose. 

Reading material relating to cultural anc professional aspects 
01 the subject of science is an important medium in Impro^/ing science 
teachers ability, skill and knowledge in teaching the subject. There¬ 
fore, both tne State ana the Cen'cral Governmencs may unaertake the 
publication oi literature related bo the progress of science as well 
as to the progress oi science teaching metnodology anu philosophy^both 
in the regional and in the all Iniia languages. These guides, serve 
bota as a source oi inspiration, and as a source of instruction to 
make tiieir work more effective in the schools. 

The Work of the Professional Bodies ; 

There is fifequent appeal from the memb&rs of the Science teach¬ 
ing staff as well as from others interested in science education,for the 
organisation of a 'National Union', of teachers similar to 'Science 
Masters' Association' of Jilngland. Though some organisations like the 
"All India Teachers Federation", 'Associations of Engineers’, 
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^^©e'TS.’tlcs-ji-'Oi''' J ted'-jco 1 Practlone-rs ’ etc, etc,, are already formed oa 
Nation;'-! "basisjunion of Science Teochers is yet to bo orgniiised. 
The Central idnistry oi liJdacation shoula take the lead in tlio matter 
anu provide' adequate financial and other assistance tu the 'Union to 
function anu participate effectively in the v;ork of tae Nation's 
Science Educational IrograiAniorf, 

The purpose of such an organisation sfioulci be primarily,to look 
after the improveiaent of the professional standards oi science educa¬ 
tion enu Gaconuarily^to safeguard the personal Interests oi the 
science teachers. When suen a national or{;anisstion is formed with 
its State ilepresentatives ana Branch Associations, it can contribute 
a goou deal to the pi'ogress ol science education in the country. 

The National Professional Body can unuertake the following 
aspects of in-set^mce education ot science teachers in addit.i.on to 
other duties connected v/ith the improvement of science educations- 

1. Td Organise Workshops anu Seminars a® various aspects 

of Science education, particularly on its newer and. 
technical developments both at the National Level ana 
at tne State Level,' 

2. To Organise short term training courses for fresh, un¬ 

trained teachers on science teaching methodology, 
atleast in such states where there is still the practice 
of recruiting untrained science teachers for the 
prof ess iotij 

3. To arrange long or short vacation lecture course both 

on the cultural and the professional sides of 


science educationj 
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5® To participate In bho Boards and Gomisiitboes to be 
iortned at the national level by the Union 
Government to suggest means and nietnods of 
improving the various aspects oi science 

education in the 6ountry; 

6. To hold annual conferencesto consioer the posi¬ 

tion or science betching in the country and to 
suggest means and metnods or improving bhe same, 

7. To conduct survey uorK in respect ox specific 

aspects of sejence education boti) &t the state 
level and at the central level to tnrow light 
on the existing position of tnini^s and to call 
for nation’s attention to improve tne same 
if need be, and 

8. To assist and conduct research work on problems 

related to science education particularly on 

urging problems that require invostigabion and 
suiteble solution. 

Local Science Teachers' Associations nay also be t'ormed 
either as branches of the All india tTgenisation or as independent 
Organisations, They can also organise various types of programmes to 
the menb'.=r-teachers of the locality to f&ster and strengthen science 
education in their schools. They can be of particular help to the 
untrained and beginnfilfi science teachers through their progranraes of 
demonstration lessons and discussions. 


it: 
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liGSoarch ou irrobloiriL. related, to t.>clence jiducation. 


iio.jL' probltiiii ol' rosoarcti nos a lonn: Lislor^^it ic only 

la rocent; cji'aes ch;’t it, ntiB atta luionl uhy .status ox asocial Imriortaace. 

Thu uotay in j‘G'junr-;iiisliiit Its impor banue yas partly ciuo tu love Oi old 

^Jaa jL tlu e Jtk 

tra(JJt:M’)n delav i.u. realisin; oi'i'ectrvenosB oi' cuosu 3: 

• *1 
•1 

research stuhios in revolLitionisin:j our v/ay oi llvinp. Durin^ ttid 
pciST i'U't;,- yecro miu uraditionu 1 ociicj.s are last yielding’ i-o 

re t.? one i a O' objoctive thiiikiR-, The a-nlii ablon oi principles or 
scic-nce to proi'essioiis oi every sort,has proveci Invariapiy profitable. 
This .IS true oven riitii ihe profession of teac’r.lng. I'fature.lly,research 

forms part aiiu parcel of any modern professioti. An Industry, an orga¬ 
nisation or an ;ais L'itution indll hw incomplete uitnouT one or tne oihur 

type O' provis.Lon foj. exparimenoation aniu resoaren. Therefore vhen we 

oU^e> 

think oj a.a edu''’ 0 tionaI system vje have^ bo thinl: 01 the particular pro¬ 
vision tnat has hoen made i'or the advancefaeni of bae nroiession. It is 
bais aspect that is an essential factor in cstinatinb ohe progressive 
poLem,.La.Libus d.l the GrUcational system. 

riGsearch in any fielc is a process oi growth and aims at evolu¬ 
tion. ‘iTiu metuod OJ research was systematised in die fundamental 
sciuncos from Uie neglnninp Oi 19th Century. nut iss impact on educa¬ 
tion is very recent. the first educational research report appeared in 
the closing uays of that century? I’aher in 1938,has recorded that this 
first educational research was post dated 1890. Sporadic research 
activities in the field were notic^ed a littis. later, Yet the educa¬ 
tional research movement in the modern meaning^^did not pet well underway 
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until tae secQiXL hall' or ‘chis ca.ntm*y. 


In xhy x'lolu oi science education uhe cre'iit oi. naving published 
tue .first rosGarch study report go'-'s to Gilbert K, Trcitoi, It was an 
attei^pt ti. ocsl children’s knoulofl^e oi plani'.s arr^ aniwala ana thus to 
est.im-'te u'hat Mature r>tudy suoul! do iroui the purnMs'point ot vie\/. 

'j.'liio resGarcij study report ijbicn aopGc;.rcd in ISOi^was carrledenln the 
schools oi' Passaic in Pey Jersey. The I'irst learning curve was re- 
ported Dy J.ihGilbQrt in 1910. This ’'./as -..n in estiyatiGU to asterimlne 
the reL'. Live ncrits ru' the a/o iiie chocs ol tcychin; Zoolooy in the secon¬ 
dary schools. Pron this time onwards,researcli studies yero unoertaken 
in increasing;ly large nunbor am tneii* reports began to appear both in 
journclG cUi(- as iionographs. By about 1920 , reports oh six learning, 
studies £5.nu ten curricular stu.dies were pui^lished. By about 1925 / 
accouni.s Oi sixty si.udies in ailfererib fields of euu'.ation were pub- 
lished, Lo ter, there kis^ontinu us, systornatiic ana organised effort in 
all the progressive countries,to study various proble/f)S related to the 
ditferent aspects of teaching science. 


'the importance of eir\y researen study lies in its desirable in¬ 
fluence in improving tne teaching prectice. many oi the eariy research 
studies yore sporadic and diu not aim at solviipj tne specific problems 
of educational practice. By about iht closing cays of the xirst quarter 
01 tnis century tne work of educational research was systematised so as 
to make each research study purposeful ano direct it so as to contribute 
toyards the progress in one or the other aspect of education. Though 
pure research in education is to be encouraged,the public funds that are 
spent over it will be a.waste if it does not contribute to the effective¬ 
ness of public instruction. Hence it becomes clear that every study 




uiiuGrtPken in ‘bo iieId^laus 1; Uc; oimed ai solving: s i'olt problen in x;hG 
Tie Id oi educat-i one'i practice, i''LU‘tner, 1:0 nvoicl aupliootion oi effort, 
tiino y/n lums proper'co-ordination of r-i'soarcb ’'Jort. is pIso essential, 
Ihe research stuuy olioulci noc merely oonfcf-in a report of the result but 
also point ouc its eduertionar Implr-at:'! nns, 

The i.Grn "aducatirinaI research” includes all tnose studies thcot 
are carried out iu rhe field of education usin,.', uht statisticotL techni- 
oue 5 objective opinion-survey method aniL'. the 1 inci 1 n;\'■? oj coinnxttGes, 

On tbis basis certain laajor researen studies cxjrticu.lrriy rele-tea to 
scien e education wiUi iheir inipli-ations to science tescuing practice, 
are oonsicared in dhis chapter. In addition,at tempts are made ro locate 
particul r areas of research uhere uork js to he unaerLaken. 


Major Studies in the Field of Elemen t ary Science s 

Interest Studies ; Studies in rhe liela 0 . interest were the 
earliest to be undertaken. They were motivateo wisu an atte-apt to dis¬ 
cover tfjtJ i;no\.»leoge and interest ^children possessed,as 0 basis j or nre- 
parin;i hiiture ^tudy programme. 

Trafj'on's'Children's Intere:t in Mature Materials vjas the first 
educationsL research study in this field that affected the practice of 

teaching in the elementary scnools. Ho undertcok to discover the nature 

t 

knowledge anu interests pf IV, V, VI and VII grade cnildren. Another 
study by Libby was undertaken in 1910 and it was prompted oy his desire 
to determine tnc natures knov;ledge possessed by elementary school children 

After 1910 the emphasis in this line shifted from canvassing anu 
extracting what pupils knew to discovering; their interests. During the 
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porioci unaer 'i.‘el'urence , oth cxperiweaT,;.-! cecl'iivUiUo anl analysis of 
chilfJ i'ei]' 0 qiT'-stinus have lieen eriiployed . vann anc Finley prGSQnl'ed 
an animal, c physical object, ano. a olant tc a huEO luimbor oi criilriren 
or ihe III to IT grade, 'j'hey stuc?-ed questions askea by pupils. 

Dounlng .'ino Palmer, also conducted similar sbodies to assess pupils’ 

4 ^ 

interests in nature moterials, breir an.i htevonsoui al .u cerried out 
s.imiiar e:}cperirjvnibS ou assess vihoz types oL‘ materials had greatest appeal 
b'^ children, in 1927 aiu 1931 respectively, Th;-’ above studies stir.U"- 
la bed the Interest in the chilct anu bhe problem.s o:c‘ science education. 

They clonrly pointed out bnat cnildren are more intorcstda in animals 
than in plants anu matters oT ohysix-al sci«.-nce. ts a resulo ol‘ t'ne 
al-ove verdict, curriculum makers began co include in nature dtuuy more oi 
animals, less oT plants ana physical matters an. phenomena. Slavson 
ano Speer in their book "Science ana Nev; Education" in 1934 discorded 
tne aoova tendencies in curriculum construction. AlUiOiigh they con¬ 
sidered that plants enu animals are valuable items oi' education to 
chdidren tut,-y ciia not consider that thoy are vaiua'ule as science matorial: 
To quote L.h'.iir oun words, 

"Animals, including; insects,are oi greet iraportonce to bhe 
general ctevelopraent oi science, Renee a sciei^tii'ic equipment 
designeri to provide sucii ueveioument should include them as 
well ss the materials ol physical sciences.These develop¬ 
ments which engage the mental processes of investigation and 
construction, which are toe essentials oi‘ science to the young 
child, are not possible with suen materials'^ 

But Groxton does not fully agree with ohe above idea. he states that 
the child is primarily interested in himself and In his social relations; 






Dney ctn ruuincet],.rifi, La'oU 'ii noh 


.\n its i'oj'i'i.v I tnii 


Dstrrct iUiMHj at 


J.Cas c xn i s j. un^j t;u' iib j. x or ia, 
' u-tuu-ri’c i .jcib'noc- iri&ti’Ou LioriD 


VJebu lu i.ufc) ronoit or his sIuoIgs 
Ln UK, ^-radcs' cun i,bix - 


'’Ror.l [)r.Ln.;.L 0 lus oi’ ocitnc; uva noi. assliaiiaLeu oj 

enjlareni or ui- ri-i’tii ;'ro<{o rat^ j3QiO'‘. Phys Inoj”'phy 

cuao ?bys:lnlo;;y ^ 0*0 aporo})riate in iho LxxJr.i, j/rade, 
Bi-'lOoy lau possioiy rhy^iii 3 onn uo succeaGrully taught 
In i^LJXi savotitu Ki'a.dQ 5 , Physios n;r ,■ 0 , ‘lssiIj lila U'u in 
uhu auu .yrrcie, buu ia'i’/c ckil V^o/umona or '’Jh-nistry 

7 

seoM o(j ou ujiaulted x'jx <.r:y ‘t-’aoe". 


Iliixnii.ii oi'iuo Clio oP.mo oxpor'imonc on 14^000 cliiiuren a.Ku uis study 

1 ‘Oiiorc oui\-iu lori uia t uo is xn lienerui agroGLiGnu ui'.t: Jiu rosuius or 

1'JebD‘s scuuy buc ototGci chat, ouxluron ai’o uimule i/u cohiproh&nd scien- 

S 

LirXr {ii'rn'jipiocj„ iJelstGr, c- litulo D-i'oj-o, in iiio ui..cU'irai tuuds 
i.on-.'i .rruos or oocto ai'tor-acnool hi?-rterials am acLrVxLieB in 
Bciotr-o' huKi c vjiio liicLQfl tiUi L u07^> '.kuj i.)ar ce lu ournc; uiar Uiiu 


eztry-curriouitir autivrti^fa wxcei .vii uaicsrs in thu apprucici.tj.on or 
onvironiAtsiJ.uoi phenomena. He I'm-tiic^r, cono luciea oha c a boy v;ho succeeds 

in overcoming the difficulties^fims a now problem arising out of tne 

q 

old one. Later 5 Robertson in 1932, in his studies related to the 

/KC 

deterraination of .rela tive merits of the two methods of fceacling elemen¬ 
tary science has concluded that che subject nritter used for the investl- 
’ 10 
potion wltn the 5 th grade pupils,was purely prncticsl. T-Iaupt.in the 

report of his investigation ’'llxperlmencol application of a Philosophy 
of Science teaching in an elementary school" indicated that tac mental 
processes of interpretation, reasoning auu generalisations of science 
are necessitated if the objectives were to teach them principles ana 
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generr.I'Jsatioiiii cm The report aj.r=o cnnciudo4 biji't eucli 

abslrr.et onaccpco av'o vi-guG for the children c Jic lovier ;,raf’e5 ana 
rhal: ere be l:tev aiK. moi''e distinctly lorijif'-d in cuu riirus oT the 

ctnilaren ol bhc ni'per ;;;;i’adG 3 , 


Thuh rUnipL'o s biidy clurrly suspesto'-’ tln.t bbt- r.cienou course 
nti'uld be dirf'erentiaixd rrot/i grade gl' grado E.ccondinp to thnir coiv 
ceptfitaii ab-ii.ity„ 


1 nui.iber oi‘ workers have cjipressed tua b pr i.n^-LitiGs ana genera- 
lisat I ohSs. njuli nou bo taught Tor tne lemenuary cijiloren as they are 
abGorbed in o-iot'i onaj. satis'.action and as ‘che teaching ojJ generic llsa- 
tion^'ill be an uruuibu-val environwonc for xheu to live. Their desire 
far o^iotionai jatisfac bion may alSL^ coma in bhu vjay of their abiliby to 
generalise, hue tr-is aspcGb is not yet stuaied . Till it is dater- 
Mincfi. it is vary difficult tn provide an objective basis for maLi^g 
science curriculum for GloCT^ntary or^pramary schools. Since bhls Is 
.‘3 very important i‘iolcl of investlga bioUj many of bbo resoarcb workers 
are engaged diu'ingtiie !)OS*tu’ar days in this field, Attempus are bO'ng 
mo.de t.'Tougjh those studies to determine rbe nFturo of the science to 
be taugiit in those grades. They ore Jn general agreement that the 
general'isatLons anu principles of science may be included but should 
be taught not in bhGj.r Cor®! aspect but in their luncticnal nature. 


3» Studies in the field of Curriculum construction ; The above 
investigations reviewed in connection with the interest studies,have 
indirectly assi.ted the curriculum construction. But more direct 
studies in tne field are also carried out. The research i-Jorkers an 
America have conluctQd extensive studies in the L’ieid of science 
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conber'LG t'or elementary sciiools. Almost all the studies except 

II 

that 0 ). Paterson^ have concluded that th''re is a vide variation in the 
contents. Such studies involving analysis of elementary science 
courses,have led to very important changes in science teaccing practice. 
Thompson^ Hillmn ana Craig, Strang, Cairns, Lerrigo, Bagley, Kite and 
Mathis are some of the Research Workers vho conducted studies indepen¬ 
dently, An analysis or their results inaicated that there was a 
positive inadequacy in the elomentary scnool science syllahus . of that 
time. It was clearly realised as a result ol tho.se studies that vith- 
ouc adequate provision for elementary science in the courses oi studies 
the subject cannot fulfil ios function in education. this decisive 
finding afTected the position of Mature dtudy unich was till then en¬ 
joyed tiy it in the courses of studies. All trie States in America 
soon goi busy In introducing science in their elomentary schools instead 
of Jttature p’tudy. 

Another change that the aoove investigations brought about is 
the reorganisation of the training courses of under-graduate teachers. 

The introduction ot elementary science to schools instead of Jlature 
dtudy^involved change in the technique of teaching and contents. So 
tne teachers had to study the contents ana methods of teaching elementary 
science. Unit Methods and Project Metnods acquired additional interest. 
School science rooms were being added. Museums were being built. Thus 
the above investigations influenced the growth of the status of science 
at the elementary school level. 

Craig in his study of "Certain Techniques used in developing 
a Qourse of Study in Science for the Horrace !fe.nn Elementary School" 
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conducted an extensive investigation ’into toe eicistin^i practice oi 
curriculum making. ne found confusion ana irEegularities an.' lack of 
consistency. do Craig set abour constructing a more functional course 

in elementary science. He set up the folloving three criteria for 

li¬ 
the selection of objectives. They arei 

1. Certain objectives must greately influence the 
thought reaction of tne Imividual and must have 
modified thinlcing in many fields 5 

2. Certain objectives siioula conform to information, 
skill ana habits that go uo influence health, economy 
and safety In private and public life 5 

3. Certain objectives snoula conform to facts principles 
and generalisations that help to make the natural 
phenomena meaningful to children*, 

4. Certain objectives should ds'onform to the ability to 
acquaint ana understand the environnent,and 

5. Certain objectives should conform to general ouucoraes 
of education. 


Craig was able to sample out suitable contents from different 
science literature and arrange them gradewaseso that the common ob¬ 
jectives of science teaching could hold good for all grades. It served 
as a pattern for constructing syllabi and has influenced science teach¬ 
ing at all levels. This also served as the broad frame work of the 
curriculum in wnich the concents for the different grades are to be 

fixed up. His report formed the basis for the 31st Year Book of the 

15 

H.S.S.H. namely > A erogramme for the Teaching of Science’. 
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Following the above investigation Piobertson conducted ela- 

bors.te invf; stigat-ions to determine the principles useful to realise the 

14 

objecti'/es. He .finally prepared a list oj 243 principles. i’hougti 
his list coulu noL be accepted by ail workers lully, ir influenced 
greatly the selection of materials for curriculum construction, i'he 
changes brought aboui by the conclusions of the above experimencs in- 
duGOd similar changes in the courses of teacher educatioti. A good 
number oi-‘ nevj principles had bo be taught by them to the elementary 
children in the now curricular set up, naturally thwy required skill 
anu ability to teach them. So tne technique of teactiing was also 
influenced ond it is considered separately in the following pasagraphs, 

Further investigations in the field were directed in the same 
area but on a different basis. Investigators wanted to make the 
growth characteristics of children as the bases for fixing up the con- 
bents. This of course was in accordance with the grqv/ing movement 
for cnild-centred education. This trend was further associated with 
another tendency to associate science programme as part of the whole 
programme of pupils' development. Many of the studies conducted in 
tnis area selected the follov;ing as the characteristics of children of 
the elumenoary school; 

1. Extremely active; mental or physical activities interested 
tnem; 

2. interested in train, fisherman, postman,etc; 

3. Interested in immediate goals; 

4. Like to have make-believe plays; 

5. Try to interpret in ’cerras of their own experiences; 

6. Like to discover for themselves; 
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7. Enjoy a tale theme 5 

8 . Like to express themselves in ^rawing or painting 5 

9. Interested in moving things 5 

10 , Interested in problem solving, ana 

11, Interested in collecting. 

The above raovoment to construct the courses 01 studies on Uie basis of 
children's grov/th characterstics^ led cu another series of investiga¬ 
tions, West Hill, Williams aua others have 

aonc good work in the xielh. The results of L.h©!i 4 P studies euntributed 
for the location of suitable contents for elementary science in such 
a way as to assist tne pupils’ growth in general. Meanwtiile, it was 
felt that the problem of arranging those contents in accordance with 
the pupils’ way of learning them^was also important, Waturaj.iy many 

workers attempted to evolve suitable methods of organising contents. 

(5 

Studies conducted by Curtis, Downing, Fitzpatrick, Scarley, Finley, 
Hetties Heiss and otners have thrown valuable light on tut problem. 

The results of course, vary considerably in fhej.r ilnaings with regard 
to the contents to be selected for a given age group. But- they exhibit 
a remarkable agreement over lue total contents of the elementary grades. 
Based on fht studies conducted in tne field,the Forty-sixth Year Book 
of tne H.B.S.E. (Science Education lor American Schools) coula trace 
out and prepare a list of criteria for the selection of contents in 
science. 


4 . Studies in the Field of Teaching-. Techniques ? Very few studie 
worth men-cloning are conducted In this field of elementary science. Mos 
of tne studies conducted in this riela were mainly motivated to deter¬ 
mine tne objectives and contents or the science course. But research 




- 431 - 


■woi'ktjis uiu cioncenurs ic uuoir uttenoiou on Liit Liytuoas ul teaching 
science only at UiU aecoiiuary scnool level, 

Meister stuaiect -(itie jelauive valuas uj plL-iy uuitij auu class- 
roon teacning dl science. His ixmings uiai; i.ne group taugni. by play 
units but no inciiviciusl or ^.roup instruction, shoved gains in imov?- 
ledge olTJosL, equal to those made by i,ue group receivuni^ instruction 
involving apparatus, uemonsr.ratiuns, vjiass discussions, pupll^’reports, 
horae assignfflojj,i,, revievjs, note-book vori*. ..iici quizzes. keister cun- 
exuded Guai. ouo entra-curricujiir oi yUiy group showed euperiur »/aiiis 
in many uober respects including originoiity, inventiveness, manipula¬ 
tion oi raw materials to usable things ana the finding or new problems 
arising out of those already undertalien. Kis recommendation that boys 
with both the techniques of instruction will learn ezcellently well 
was welcomed by many educators and soon schools began to add a good 
number oi activities to the science programme. 

Another study worth mentioning is that or Robertson. He con¬ 
ducted an investigation to determine the relative merits of the two 
metnous - tne story methoa and the developmenial discussion method. The 
test scores revealed little difference between the effectiveness of the 
two methods. 

Investigations are being carried on to determine the effective¬ 
ness of radio science programmes. Carpenter in ‘'General Science in 
the Rochester Schools" elaborates on the basis of evidences like exami¬ 
nation results, reports of science activities, experinentation and note¬ 
book work that the radio method of teaching science is quite practicable 
and effective, particularly to children in schools without trained 
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teachers aut. laboratory equipment. Similar studies in the liold were 

t7 

un.iertnken by Melrose and others. Their studies have sho'wn that the 
various teaching; techniques can De adapted to suit the radio programmes 
snd the scaence taught thereby x^rill be quite effective. 

Research Studies in the Field of Secondary Sciences 

Some of the basic problems of science terching at the secon¬ 
dary scLiool level are studied in relation to its objectives, curricnlum 
ard teaching techniques. The number of those studies is very large 
anu ns sucn only a selected few of tnem uud chtj particular way in which 
they influenced the teaching of Science .will be dealt with here. The 
publication of tue 46th Year Book of Science entitled^'science Education 
for American Schools^ by the N.S.S.E. was greatly inspired by the major 
basic research studies in the fiela of science teaching. Wise in 1942, 

conducted an investigation to determine the principles of Physical 

(8 

Science to be taugho Lo Lhe secondary school children, Martin con¬ 
ducted another study to aeterrnine the relative importance of principles 
oi biological science to general education. He determined three hundred 
major and two hundred anu fifty-six minor principles of biological 
science. Meanwhile Keesler described Wise anu Martin's work and con¬ 
ducted a study to determine the elemenls of scientific method. 

The above studies indicated the contents of the subject, they 
also indicated the nature of the objectives of science education. So 
we may consider these as the foundational studies to determine both the 
objectives and the contents of education. A little before that, Downing 
had in his study already determined a list of 93 principles in general 
science. It is his list that prompted the work of Wise and Martin and 
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others. In its 46th Year Book, Science Education ior American Schools, 
the elaborated the objectives ot science education at the 

secondary school level. Those objectives ares^® 

1, Functional understanding of scientific 

pr inc i 0 le s 5 

2, Development of scientific attitude, anu 

3, Training in the scientific skill.'' 

Though other items were later added, tne aoove statement of objectives 
provided a clear-cut goal uo American science teachers at the secondary 
school level. 

Sxt.ensive studies are also carried out in the field of curriculum 
and text-books. Many workers believed that grade-wifSB oS? school-VJ'lsje 
determination of scientific principles.could be done in an objective 
vjay. Attempts >/ere made by Downing, Wise, Martin and ovhers go de¬ 
termine lists of principles that could be taughc, Thein studies helped 
a great deal in llie construction of curriculum. Certain lists of 
principles are prepared in the order of priori by. This helped the or¬ 

ganisation of curricular conbents in a suitable way. While the cur¬ 
riculum was being constructed on bhe basis of objective findings a 
number of studies were being conducted to find out the vocabulary load 
and its effect on children studying science. Powers in 1925^conducted 

a survey to determine the type of vocaMlary in b‘igh school^ science 

3f| 

text-books. In 1926 he made that the basis for constructing a list of 
?aeabulary of scientific terms for high school studenbs. Pressey 
Luellacole prepared a list of 'cechnical vocabulary for school subjects 
in general. In the field of contents ana conceptual ability of 
children of different grades of the secondary school,a number of 
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sxperirafe'xjbs wor^ con,', uu Led. 'rhy i'esujLts ui uhese end ot:aer stuuies 
Liclpeci Lexl^^ook wriLei-s co I'^ri'ce tv,xL_j_ooks in seicnee^^keeping in view 
the particular topics re be ueait'wiru as pur uiv; pupLisned. lists, rue 
pupils psrticular interests anu uhe particular vocalulsxycjs c.eter’'!lned 
by ra- list, 

Anoth r Held ol seconuary scion, e in on iuh researed stuuies 
pave been extensively carried out is Vne teaching, technique* in 1932 .^ 
3 tuit uiio. dngleh^rt made a crirical Souuy ox ail uhe rosearen stud¬ 
ies coiiuuuted pax'tlcli'L.,i-ly lo uotermiine lue relative suP‘..riority oi 
lucture-aet/ionetraiion cinu laDoratury oecnuiyues ox teacuing. At tuac 
Limt that was a problem awaitinii solution. Teachers thougnt that 
lectui'e-demonstratlon and laboratory techniques are regular competitors. 
Some felt that one is better than the other. It was necessary to find 
out the relative merits of the two techniques. The results of those 
experiments are contradictory in nature. But the cohclusions are 
really of interest. Instead of starting that one method is superior 
to the other, they upheld the individual aspects of each method. A 
summary of the conclusion of those is given bo low;- 

1. Materiai was better retained when taught Ixy laboratory 

method - (Airal) 

2. The Laboratory raethoa was sui^rior to the lecture method (Horton) 

3^ Lecture method was least effective to the High School 
, students (¥iley) 

4. For permanent learning the laboratory method is perhaps 

slightly superior. (Wiley) 

5. Laboratory method is superior to lecture demonstration method 

in providing knowledge and method of attack. (Knos). 

Anibal, Carpenter, Hash and Philiges, Pugh, Knoz and others have 
concluded in their reports,that the demonstration method is superior to 




lAboratory metliod* Mtor® m Willey and ©thers lia¥« stated that 
of then if superler to th® E^m® it Is cl@ar that the 

protol®m is not f^lly decided» Forth®? ©sperlaents wv too i^edad* But 

tt® conclusions ay© helpful to seiere® t®acfe.@rse Ttmy that 

«¥«ry iwthod is good for developing ©©rtaio asi^cts? to teach children 
In certain ©nvlroniftnt ^ @t©, Henc® th® atow® conelnsions have shown 
that th© objectives ©f teaching5 th® natur® ©f the pu/plls and tl» 
laboratory facilities will largely datirmln® th® a®thod that is to b« 
follwed® 


Objective tests mr® th® scales with nhicb w® hav® to »asttr® th® 
ontcowts of ittstmction* For conducting iiwestlgation on various 
prablaMs of scienc® education,there is need for standardised achievewnt 
tests* ftiis mjrk is accomplished In all the icogressiv© countries® 

Sow of tti® tests that ar® in use,are listed 

I® Achiewii^at iTests in Bloiwntary Scitneo t 
1® Stajrf®rd Aehi®v®®i@nt Test (Termn ax^ others) 

2® low Stanford Achievement Test (Termaia and otters) 

3® OMnltois Achievement Test (Odell) 

4® Public School Achlevemeat Test (Orleans) 

5® The Modern School Achievei^nt Test (Oates) 

6® 0nit scales of attainwnt (Branon and others) 
n® Achleyeaent T@g.ts_.An SeooMary Soho0X._g,._G®ipral.. seieBce i 

i® Ge^ral Science Scales « (Dvorak; August) 

2. General Science Test - (Fewers; S,l) 

3, Glta^Gruehberg Instructioml Tests in General Selene® » 

(Glen ant Gruenherg) 

4® CoDi^ratlve General Beienc® Tests » (Bn&erhlll) 

5. Mastery tests In General SeleDse » (Hunter) 






other Ttsts Ib 

1, Testa of Labomtorj BteoweefulMss - (¥®bb) 

S* Teste of Sei®Btlflc Attltodes (Curtis) 

3a Staufori Test of Scientific Apt! tod© « (2yv«) 

4, laboratory Tests In High School Chemistry - (Horton) 

Some of the popular teats in us® are quoted above« But thor® 


are other tests also in tto fieM» 
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published reports In journals and pamphlets om has to resark that 
raseareh raoves^nt in this particul'ir field is less active than In 
America. When I enquired an experienced science teacher, he told me 
that he could rather trust th® common sens© of science teachers than 

the statistical or other research reports. I simply remrked that such 

erne 

a common sens© also is sclencoj^amounting to research reports. But^ean 

IVuxk 'VNMwA/tV tuu. 

observe |the University departments of education^ the various professional 
bodies, the Departments of psychology, the National Foundation for 
Educational Research, th© teachers, Inspectors and other Administrators 
are doing research work in the field of education. But application of 
the verdict is not so prompt as in America, Moreover the teachers and 
administrators are cautiohs in applying the verdict of one or two stray 
reports. When there is overwhelming support to novel research study 
conclusions^the country dc^s implement its recommendations. But what 
one finds in the history of English science teaching is the contributions 
made by the various Committees^to the Profession oi Science Education 
in the country. Those Committees either expert committees or General 
commltt®eSjhave made regul'r surveys, collected evidence from competent 
persons and collected adequate facts and figures before they could make 
any r© comm® Mat ions in the n^itter. In this sense th® particular problea 













for mtural sclenct 

3. two main branches of science should be taught. 


Xh© above recommendations of the Commission were based on the regula¬ 
tions for tha teaching ©f 'Naturkund®' la the Prussian Gymnasia, This 
laport was followed by th® grwth of sc lens® taaehlng in all the Public 
schools. Every institution tegan to construct scleii^e rooms 
iciew# laboratories. Those who had in their mina that the only thing 
worth learnlag wag olaisieal laarnlag^nw war® cotnptllad t© accept that 
icienc® had t© be isr^vMed for In th# School ourrioulum. 











etperlenced scientists, lito J^M.Wilson others« In their 

1.7 

report after ai»lysing til© problem before thesiittiey IMicated thati 

1 * Espense of building suitable lafooratorles and Increasing 
th© staff is sufficient to deter th© gwernli^ bodies from 
taking any steps towards enaouraglng science. 

2 ® that th© existing curriculum Is ovarercw^ded aiKl th© 
headwaters are not prepared to introduce the subject 
of seienc®, 

3 e th© headwLstersaM th© members of tii© gc®’ernB@nt bodies 
wer© brou^t up in a classical tradition and hence «r« 

iamb I® to realise th© educational waluos of science., 

rci 

The above analysis was th© result of a cl©ar survey of^then existed 
situations« The Commission never hesitated to mak© ttolr fiidlngs 
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1, The value of scienea teaching eohsists not raerajy In th© 
imparting of information but in its habituating the pupil 
to observe and reason for hireelf aal to check his conelU"* 
sions by further observations 5 

2 , the study of science has plenty of scope for the training 
of pupils’faculties atd 

3, elementary science is no more difficult than the elementary 
arithmetic ani far more interestli:^ to th© young. 

The above fii^ii^s of the Commission are almost like th© conclusions 
arrived at by Interpreting the data collected by an objective experi- 
mental study of facts, Haturally th© commission should have evolved 
these conclusions as a result of careful thinking on objective lines. 

The Commission vhile investigating into the problem of finding 
a suitable time for introduclf^ science in Ihe schools, obtained valu¬ 
able ©vldemes from such scientists as Faraday, V/illiam Thomas, Datton, 
Ramsay of the Museum of Practical Geology and other well-kncfwn teachers 
of science. On the basis of those veighty evidences the Commission 
concluded that it may be introduced at 11 th or 12 th year of the pupil. 
Among the other recommendations of the Commission one is related to th© 
allocation of time for science instruction. They advocated that out 
of 35 hours of instructional -work per week, six hours may b© devoted 
for the teaching of science. The objective nature of this suggestion 
is clearly indicated by tbe fact that the above suggestion holds good 
even for to-day. 

The result of ttie recommendations of liie above Commission was 
that all schools began to introduce science after 11 ^ and allot regular 
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time for its instruction. It also paved the way for the organisation of 
teachers’ demonstration of experiments arxi pupils^ practical work. 

Similarly the report of the Royal Commission (1895), the Report 
of the Prime Minister's Committee on Natural Science, certain aspects 
of the Hadow Report, Spens Report, etc., are all excellent cases of 
Investigation into the diffierent aspects of science teaching. Their 
objective recomirondations have influenced science teaching In the 
desired direction. 

Science Masters' Association now and then appoints Committees 
or suh-commltteas to investigate into various aspects of science educa¬ 
tion ana the reports of the work of those Committees are certainly valu¬ 
able findings .that have greatly contributed for the advancement of 
science education in Pre-University grades of Institution^, 

The University Departments of Education, the University Depart” 
fflsnts of Psychology, the two year Training Colleges, teachers and edu« 
cators in the field have also coniucted a good number of studies relatij^ 
to different problems of science teaching, The National Foundation for 
Educational Research also has published reports on soiw studies that are 
directly related to science teaching. 

Problems Related to Educatloml Research In India; 

Though sporadic studies have been carried out on various problem; 
of education in the field, many of the basic problems r®n»in to be studies 
Even thoiigh nmny such problems have been studied by other countries 
they could be studied again in India in IMlan envlroni^nt, in Indian 
cultural setting and Indian socio-economic relation. Hence wa shall 
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not sit quiet feelir^ others haw dow will he for us also® This 
confidence itty be Justified in the field of Physical sciences and not 
in the case of a social science like education. 


Th© institution of Master®s and Doctor®© degrees in Education 
is a recent affair In the history of teacher education in India, Any¬ 
body can expect that a good lot of work in th© field of ©dueatioml 
research Is to be don© by the Master®© and Doctor®s degree students. 

Hens® it tecones clear that the bulk of research work in th© field is 
to be taken up in future. This is equally true with the study of th© 
problems related to science education. However a list of problew 

30 

studied in the field of science teachte 1® indicated be lews 

1, Mi&erjl T,N, - Science curriculum (1949) 

2, Chandawarkar M,S » An e^uiry into the krawledg© of 

children between the age of 8 and 18 in general 
science in Bombay Karmtaka (1943) 

3, Desa/i B,M, * A critical enquiry into ttie teaching 

of Physics and Chemistry in liie Bombay Pfssldeac^y 
(1944) 

4, Gothivrekar S,R, - The Secondary School curriculum la 

th® province of Bombay 

5, Mbhamm K.M, - An enquiry into books about lature study 

for Indian Children - 1946, 

6, Tedamanimanuel H. » An examimtion of science curriculum 

In Madras Seconiary schools with suggestions for 
its recognles^tlon 1947. 

7, M^ndonc® Mhhlca - The Place ani 

of the study of Hom scienc® in Madras PresidenCf^y -1947, 

B, ¥ev@kanaMa M - An enquiry Into th© teachli^ of gensral 
scieas® in som Madras Secondary schools » IM? 

9* Ilyadurai D. - 1 critical study of tamil textbooks 
in general science based on 'fte revised syllabus 
for Bigh schools in Madras - 1948 








10, Hamafi lair M, - i diagnestic study of S,S«L«C, 

Answer gapers In OeMral selans© «- 1948 

11, Knobs Jacob «* k critical stody of the developwat 

of school eurrlenla in Madras Pr^sldsnsf - 1949 

12, 'Padaaaabhaa K « An inwestlgatioa into Audio-visual 

edm^atlon In city schoolj - 1949 

13, Suryamrayam aurthy A,¥.S, « A diagnostic atady of 

th« errors oi pupils in written examination 1 b 
physical science with constructive suggestion - 1949 

14, Fais Mahaffimed « Sei®ntiflc interests of cniMrtn 

of the lower secondary stag® anw ttair bearing 
on the sel<ance syllabus. 

15, ¥®daatael»ri I » TSs® my examinatiom am their 

applications tw the Osmnia Matricutotlen 
science course - 1941 

16, ladhlte Prasad » Experimental'Evaluation of th® 

relativ^iats of fte teachers* demonstration 
and tto 'pupils practical work in science 
teachlKg ® 1942 

17, Muniruddin «• The present coidition of sciem® 

teschiisg in Baida Secondary Schools •» 1945 

18, Mir Isaji tJllakhan « An Expariment for 

comparison of “ttiQ relative Educational 
values of the Supervised staiy ®ott 2 od ai^ 
the lecture Demons tret ion wthod in the 
teaching science in the schools » 1946 

19, Mansoor Husain « Tbs application science to 

everyday life with special referanc® to 
Hi^er Secondary Schools of Hyderabad 
Cil^ - 1947 

20, Sri lameswar® Prasad - A critical survey of the 

teachiic of ElCE^ntary Physics ard Cheiristry 
in our Secondary schools, 

21, Tterapim 1.8 ® An Investigation into the problems of 

science Te:atbookj( Research in India, -1955 

22, Pandya I.P, » Trm®Fals® Tests in High school 

Elementary Science Tests, 

Sclem® teachii^ in India is criticieed to be ater^typed In nature 
Even those teachers who came out of training colleges are said to 
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relaps© to this traditional ¥ay of teaching® There n^y ba reasons for 
th@ teacher® s Inability to foilw tlis modern techniques in his school® 
But th© result is ttiat It tells upon th© instruction of the teacher® 
Th© teacher my f®©l that h© is not able to follcw more deslrahl® tech- 
niques because of ih© particular administrative and organisatiosml 



Is Influencing every aspect of our social life particular attention is to 
he naid for thsis® research studies ¥hlch go directly to improve the 
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the probleiHS whleh face us are studied in other countries. Yet there 
is need for studying again tnose basic problems under Inilan coMitions. 
Hence it becomes necessary to locate the major areas of science teachii^ 
where basic studies are to be uMertaken. Those problems resolve into 
three major areas, namely, the Philosophical, Sociological and Psycho¬ 
logical* In other words the basic problems are to be divided Into 
the following areas^related tos 

1, Objectives of Science Education, 

2. Curriculum Construction, and 

3* Teachii^ Techniques, 

Research to Determine the Objectives of Science Teaching in India s 

Extensive research work has been carried out in all the progres¬ 
sive countries to determine the objectives of teaching science at dif¬ 
ferent grades of instruction. But the results of investigations indi¬ 
cate that @«ch country has arrived at different conclusion. If the 
investigations have upheld in -America, the development of scientific 
attitudes and appreciations, mastery over contents and problem solving 
ability as tte fimjor objectives of science teachii^ in general, the 
workers In England uphold cultural, disciplinary ani practical values as 
the major objectives of science teaching. There nay be truth in saying 
that the spirit of the objectives of the two countries is the same thougt 
they are differently worded. Yet it irakes all the difference in the 
selection and organisation of contents,in the approach to the subject anc 
in the emphasis we lay on the different aspects of science instruction. 
But each country, it must admitted, has evolved its own aim. Horaie 
it becomes clear that we can neither accept the one evolved by America 
Mnr the other evolved by England. We have to evolve our own, suited to 





our natioml traditnonj particular environnent ana social needs. Hence 
it beconBs imperative that needful basic studies la this direction have 
to be undertaken, Sia3e the objectives we set, control both the nature 
and tiiQ organisation of the contents and the approach to their treatment, 
it becomes evident Hiat we have to give top“prlority xio those studies 
that directly go to defiw the objectives of science teaching in the 
different grades of Instruction In our country. The objectives of 
teaching any subject are to be determii^d in dost consultation with 
our Inherited culture and the present social structure. The present 
social structui'e in India has grown so complex that its special features 
cannot be so easily pointed, Henee.it bscoiaes essential to undertake 
various studies to amlysa and understand the present social structure 
so that the objectives of science teaching may be studied in close r®« 
lation wi'fe our past heritage. Hence,side by side with the problems 
related to science teaching,a good mny problems which may belong to the 

Oneeti^ 

field of educational sociology^ks^^to b@ tackled. 

Studies in the Field of Sc3®nee Curriculum ^ 

Side by side with the investigation on problea© related to the 
objectives of teachiJ^ science we have to ui^ertake studies related to 
the area of curriculum construction In Science, The statistical data 
and the historical materials gathered by research studies have to be in¬ 
tegrated with the social background ar^ the complex culture pattern 
exhibited In our present day life in determining the basic curriculum 
in science, Purtl^r, this should be adapted to the individual Interest 
ability and need. For this purpose regional surveys have to be con¬ 
ducted to find out the general and particular bases on which the basic 
curriculum is to be adapted. Particular tyi® of standardised tests 
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are also to b© constructed to be used for the above purpose5 Hies 
ready reckoner. 

Studies In th© Field of Teaching Technique ; 

From the field of objectives and the curriculum in science let 
us turn to the field of learning process. This aspect of educatioml 
practice is the most objective aspect and it is based on the fioilngs 
of Psychological studies. Naturally,-we have to mate use of the find™ 
ings of those research studies that are carried out in the different 
progressive countries of th© -world on tte basic aspects of the learning 
process. But the particular environment in which the learning process 
bas to operate in our schools,certainly differs. Naturally,as ainsiliary 
studies,we have to conduct needed research in the fields of the psycho¬ 
logical nature of our boys and girls at different age levels, the par¬ 
ticular environ®nt in which they have to learn, tiie particular approach 
to the teaching of the science topics, that is best suited to our boys 
and girls, the types of teaching aids that can be profitably used wlbhout 
much cost, the types of correlated activities that can be organised to 
provide an effective course of science experience, how best individual 
attention can be provided, the method of diagnosing specific weaknesses 
of Individual pupils and the best type of remedial programme that our 
schools can organise for them, the technique for locating science talents 
and Goursesto faster and strengthen their talents, the types of laborator: 
and science rooms that we have to design for our schools, the types of 
laboratory exercises that can be provided to the students on the practica 
side, the type of records to be mint; ined and the method to be adopted 
in correcting the same are some of the auxiliary areas In which studies 









are to bs uniertakan, Extensive but sporadic studies are no doubt^ 

carried out in India in soine of the above fields* Me have to coordinate 

that work that is already done in tha field and to chalk out carefully 
■fhajbM||4r 

the work to be done in the field. 

A 

Construction and Standardisation of Measuring Seale s? 

Btaniard Tests are available to measure the achievement of 
children in science. Tests are also constructed in sos© of the regional 
Xanguagas of India, But such standardised tests are not available for 
all regions. Within the .limits imposed by la^uage, curricula of the 
different States the work of constructing and standardising these tests 
should be completed at the earliest tin© since they are essential for 
investigation of the rest of the problems in the field of science 
education, 

dL 

Other standarised that are to be constructed are the 

tests to measure scientific attitude, diagnostic tests, aptitude tests, 
tests of science interest and tests of science personality. These tests 
agaln^are to be constructed in the different regional languages after 
taking into consideration tl:© particular culture j©.ttern of the region. 

Research in the Field of Science Textbooks ? 

Textbooks form the ma;)or materials of instruction in any 
subject. Naturally it becomes imperative on the part of the schools 
to procure the most suitable types of science textbooks. In most of the 
States the State Departments of Education prescribe the science textbooks 
with the assistance of expert Committees. While doing so it will be 
difficult to decide which book is best suited without proper criteria/ 










for evaluating the same. Further, the principles to he observed in 
preparing the science textbooks are to be definitely ascertsined. In a 
number of schools where reference and other books are not available, 
textbook will have to serve as the only guide both to the pupils and to 
the teacher. Therefore attempts should be made to evolve good textbooks 
in sole nee o 

Different authors follow different principles in preparing the 
textbooks. This is mainly because of the absence of objective findings 
in the field. Ho doubt, extensive research has been carried out in 
other countries in iiie field of textbook.i^^eeefFCJiKr Basing on those 
studies some work has been done in Mia too. But the books are to be 
written for IMlan children, to learn in Irdlan cultural environment. 
Even the language differs. Every state has to get books written iniiJtei 

'fj- 

particular regioml language. Science being a new subject to our cultw 
many of the technical terms are to be coined though soto classical terms 
may b© used as such. Further, fc© approach to the different topics, 
the organisation of matter, the display of matter etc,, are all features 
which are to be based on the nature of the learning process. It becomes 


clear that textbook writing is a technical job to be performed in close 
conformity with the objective findir^s of the related studies In ©duea- 
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that face "tti© texthook wriiers® Thirtjnia® problems could bi traced 
out® A list of thos® problems which ar® to b^ studied is r®produced 
b®lo¥ fro® th« autuor®s origissl report oi "tti® above study 
msfiljf Investigatioa iato the problems of Seleac# textbook R®s®ar@h 
la 



1. Determination of the relative superiority of the integrated 
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and the separate treatMnt or the three main branehes of science with 
regard to pupils® interests and aehieTOm@nt in the at prions 

grades of instltutionpf^ 

2 „ Betermlmtion of the relative superiority of the following 
types of textbookss 

a) Fusion-textbooks each dealing with all the branches of sclcnei 
and each of such books intended for toe different classes of the seco: 
dary school 5 

b) Separate textbooks in each of the toree branches of science a. 
each interred for all the classes of the secondary school# 

3o Batermlmtlon of the major and the minor principles in each 
of the toree branches of science for various grades of the eleMntary 
and the secondary schools, 

4, Determination of the amount of space to be used for the folio 
features in the books intended for the elementary and secondary school 

a) Definitions, principles and formulae, 

b) Descriptions of apparatus, experiments and structural deta 

c) Application of principles to problems of life, 

BloeraDhical information of scientists, and 













a) Method of elaboration or the essay type, 


b) Method of exj^rlmfifital approach, 

c) Mixed laethod employii^ a and b, and 



a) Subject introduction, 
b; Humanistic introJuctlon, and 
c) Social introduction. 
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5, Determination of th© relation between the correlation of 
studies in the different braisshes or science and bhe pupils' achieve- 
TOnt in the subject as a whole. 

6 » Determination of the correlation between the ability to 
recall and the presence or a summary at the end of the chapter, 

7, Determination of the relative superiority of the following 
types of arranging the facts with regard to comprehensloni 

a) Tabulation method, 

b) Paragraph method. 

8 « Investigation into the effectiveness or otherwise, or raising 
problems during the course of the development of the topic in the book. 

9, Deterraimtion of the relative effectiveness of the different 
types or exercises given at the end of the chapter with regard to 
pupils® ability to apply book knowledge to problems of lire* 

IV. PROBIKffi REIATfiD TO lANGUAGE, STYIE, VOCABULARY 
LOAD, TECHTOAL TERW ^ Etc. 

1, Determination of the minimum load of facts to permit 
healthy comprehension at various age levels. 

2. Fixing up of length of sentences suitable for easy compre¬ 
hension at various age levels, 

3. Standardisation of samples of language to be used in books 
Intended for various age groups for purpose of: 

a) Definitions, 

b) Description of experiments, 

c) Inference, and 

d) Applying principles to problems. 

4, Conducting experiments to Investigate into the effect of 
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vocabulary load vith regard tos 

a) Comprehension, 

b) Interest shown in the subject, 

5. Preparation of standardised word-lists, botn in Hindi and. in 
the various regioml languages for using in the textbooks for various gxa 
grades, following Thorndike's word-list. 

6 . Preparation of standardised list of technical terms to be 
used at various age levels. 

7. Determination of the relative suitability of using; 

a) English technical tern©, 

b) Hindi technical terms, and, 

c) Regional language technical terms, 

8 . Fixing up of the minimum frequency of technical terms to make 
them current at various age levels. 

9 . Preparation of a list of wrong synonyms and non-scientific 
words generally used in science books, 

10, Determination of the effect of wrong synonyms ana non-scien- 
tlfic words used in the book on; 

a) Comprehension, 

b) Development of scientific attitude, and 

c) Development of skill in scientific method, 

V. PROBiJiffi REUTED TO ILLUSTIATIOHS. 

1. Determination of the slae of illustrations congenial to pupils' 
interests and ability to understaM at different age levels. 

2 . Fixing up of a healthy proportion of illustrations to written 

material for various age levels. 

3. Determination of the relative superiority of the following 
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types of illustrations for yarlous topics, for various age levelss 
a) Line sketches, 
h) Diagrams, 

c) Shaded figures and 

d) Photographic reproductioi::® . 

4. Determination of the correlation hetween the number of Illus¬ 
trations and the pupils* achievement at various a.f;e levels, 

5, Investigation, into the problems of effective display of 
illustrations, 

VI, PRCBLBI-5i REIATED TO EVALUATION iiND SELi^CTION 
OF TEXTBOOKS IN SC3KN-.E. 

1. Determination of the relative superiority of books written 
by a committee and the boolis written by an individual, 

2. An Investigation into the problems of getting science books 
written by a team of experts, consisting of; 

a) Subject expert, 

b) Language expert, and 

c) xi-rtist and Photographer, 

3. To evolve an objective scale to assist in the selection of 
textbooks, taking the following features into considerationss 

a) Contents, 

b) Method of treatment and planning, 

c) Experiments, 

d) Illustrations, 

e) ^application of principles to problems of life, 

f) Questions and exercises, 

g) Language, style,vocabulary load and the use of 

technical terms, 

h) Cultural and ^clal aspects, ard 
i "i Mechanical features. 




aXio creep in® Hence It is needless to state that th-'rci is n§®d for 
coEtinuons iwestigation into the problems* Such an effort to improve 



to study problems related to the different fields of education. The 
Council of Teaeherli^ Education or any other National Organisation of 
Teachers may also organise research ^ork on problems facing the teacher. 
Hence it becomes clear that a good number of Instltutilons or organisations 
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will have to share the respomibility ir, the great task„ The Central 
Ministry of Education with its institutions and departments will haire 
to undertake the responsibility of planning and coordinating the 
research work that is being undertaken by the different persons 5 insti¬ 
tutions and organisations in the country. This is essential to ensure 
that duplication of effort or neglecting the study of pressing problems 
are avoided. Further, neither the state nor the other agencies that 
may take up problems for study may be able to get adequate financial 
resources. It is the responsibility of the Centre to provide adequate 
financial assistance to all those Organisations and persons that are 
engaged In research work, ;Sins 0 the findings of those research studies 
go td improve the education of the nation as a whole. 

In recent yearsjthe Central Ministry of Education is evinslng 
keen Interest in promoting the cause of education through its liberal 
financial assistance for research work to the University Departments 
of Education, Teachers’Colleges, Research Bureau® attached to the State 
Department of Education and other Organisations interested in research 
work on problems of education. 

So far as problems in science teaching are concerned, there are 
no separate Organisations to conduct research work. As part of the 
Central Bureau of Textbook Research however,a section for science has 
been opened. Except for this provision there is no other organisation 
in India exclusively meant for tackling problems in thd field of science 
teaching. No doubt studies In the field of science teaching form part 
of educational research in geiaaral. But the nature of the problems, 
the order of their priority, the interpretation and application of the 
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r0S@OTch fillings ar© b®st known to scIqiig© t6ach©rs anct scisnc© 
©diicatd®^® Mbr©ov0r,th6 subject is rapidly growing and frequent 
and new problei^ that face the taacher are to be studied, Th® 
results of these studies should, be interpreted and applied to the 
field without delay® Hence it becomes clear that the^ special 
claims of the subject to have a separate Central Organisation to plan 
aM coordiaal.® the research studies that are being undertaken by dif¬ 
ferent organisations and persons in th© country 

The bulk of educational research in India as in other countries 
Is being don® by the post-graduate students of education studying 
for their Master's or Doctor's degree ©xamijaations, Research fellows 
employed for the very purpose also carry out substantial work in the 
field® Th© above post-graduate Degrees in the Indian Universities 
are instituted comparatively recently ana as-such not much work is don 
in th© field. If proper car© is bestwsd in selecting topics for 
the students of post-graduate Hbseareh work,the training colleges can 
do a good lot to help th© nations educatioml research programme. 

Butjgenerally^this aspect of the^t©achers' §oll©g©i is r®rely satis¬ 
factory. As @s:pr 0 ss®d by Sriimthi Hansaban Mehta, Vice-Chancellor 
of th© University of Baroda,in h©r address to th© First Conference 

Teachers'Collegesj 'Ideal Training 
fiolleges must be research centres which shouW be continuously 
striving to find out l:^tt©r and better solutioro to our problems. No 
doubt ©very oi^ is not capable of doing research work* But why can 
w© not demand that those who hav© both the ability and the bent of 
mliKijshould b© selected for such impcsetant post-graduate instituions?' 
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©siontlal for tiM stv^y of bota hmnaMtiog ana aeiancea, Si^mpatbatfo 
craativa thlriklng as wall as tb® ability to baisil® objective data by 
qt^ntitlw® natbods^ar® also essential. 
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In a country llto India where there is no provision for universal 
compulsory education it is natural to expect that a large majority of 
people will be illiterates. For them there is need for a regular pro¬ 
gramme of ad^lt education, the chief aim of which is to provide oppor¬ 
tunities 5 for those who could not go to school in their younger days,, 
to be^ 
the ir 
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to the public^opportunities of further education by v/hich they can he 
enabled to participate more effectively In the social, economic and 
political life of the country. 

Adult education movement, after the first world war took the for, 
of spreading literacy among the illiterate people. The experience of 
the workers in the field of literacy work^ revealed that the adults are 
not attracted by mere literacy work ar^ that literacy is only one of 
the media of adult instruction. Therefore adult education acquired a 
wider connotation. Meanwhile^ the advent of domocracy after the emer¬ 
gence of freedon‘% demanded for the adults some sort of civic education 
and training,essential for democratic grouplife. In addition, the 
progressive industrialisation of the country demands 

CcliT\ 

workers, who«,appreciate the role of science in our national economy con 
tributing to the individual and social efficiency. Consequent to the i 
effort of the nation to put her economy on an industrial footing the 

I 

common man will have plenty of Misure to utilise. Many of the recre- i 

i 

atlonal programmes are pervaded by the effect of science. This neces- 

I 

sitates that the adults should have some knowledge of science and. how 
it is serving mankind. Added to tdaese, the present society,culture 
and civilisation are maned by science. That again demnis on the i^rt 

A 

of the adults to knew some facts, develop some attitudes and apprecia¬ 
tions and acquire some habits and skill which are scientific. As a 
result of realising these newer demaMs the old literacy work has now 
grown into a programme of social education. The Ministry of Education 
in its pamphlet (No,58) has defined social education as 'a course of 
study directed towards the production of consciousness of citizenship 
among the people and promotion of social solidarity among them. It has 

iTnl 

three aspects, namely, the introduction of literacy among grown-up 
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illiterates 5 the production of an educated mind in the masses in the 
absence of literary education, and the inculcation of a lively sense 
of rights and duties of citizenship, both as Individuals ana as members 
of a powerful nation! To this,we ma-y add a fourth aspect namely, the 
imparting ofminimum essentials of scientific information, skill,ap^- 
preciations and attitudes,required for every irdivldual to lead a 
successful life in an industrial society, pervaded by the impact of 
science. Hence,it becomes clear that &ny scheme of social education 
should provide for some amount of science instruction though not in its 
systematic or fomal nature. 

Social Education has to be planned not merely for the education 
of the illiterate adults but also for the literate adults who could not 
have adequate amount of instruction in their early age and for those 
who though educated,would like to further their knowledge,interests and 
skill. Hence while planning for the social education programme the 
nature of the particular needs of the masses will have to be taken into 
account. It is inadequate to include merely some aspects of literary 
ana cultural items as it used to be in the early perioa of adult edu¬ 
cation, This was probably found necessary when workers in the field 
placed their whole confidence on literacy as the only medium of instruc¬ 
tion. The newly made literates were probably unable to unaerstand in¬ 
structions relating to civic, industr^l and scientific aspects of life 
Today it is an established fact that other media of instruction, like 
flt&s, radio and many audiovisual means can be equally, if not more, 
effective4n imparting Instruction. Hence^whether it is for tb^e newly 
made literates or^he other adults who want to further their edu^-ation, 
civic and scientific aspects of living can be included. In such 
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progressive countries like U.S.A„, u.K.^ and U,S,S,R, adult education 
has taken the forci ol social education* Illiteracy is not found 
there since compulsory elementary education is heirg enforced univer™ 
sally in those countries since the later of the last century or 
atleast from the beginning of this century. Therefore social educa» 
tion in those countries takes the form of further education to those 
who a re employed. Those who discontinue their education at their 
fifteenth year of age do require educational facilities eicher to Im- 

csV 

prove their general knowledge or skill improve their trade. 

Even in the case of those who could study further^ social education can¬ 
not be unnecessary. No doubt,they are capable oi studying for them¬ 
selves ^the newer developc^nts In social, economic, political, indus¬ 
trial and technical fields. fet they can be better benifltted by an 
organised course of social education suited to their level of maturity 
and scholarship. In their case the other newer media of instruction 
will supplement the literary medium of instruction. In India, where 
compulsory elementary education is yet to be introduced in the majority 
of states, in addition to the above two types of adult education pro¬ 
grammes,'^ere is need for organising a third type for those who are jus' 
new made literates. So social education in Iniia has to be provided 
at three different levels as iMicatad below i 

1 ., 4 basic programs for the s^wly mad© literate adults 5 
2 ® An advanced course of further education for those who had 
to discontinue after so» education! and 
3 , A course of education based on the particular Interests 
and needs of the enlightened public engaged In •&© pursuit 
of the courses of studies of their choice. 
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Ths ^©jaalniiig part of this chapter is devoted to a coasMeration 
of tho coutoatSj tBchnlques and organisation of sclonos education as 
part of ill© social education prografama. 

Science CoBtents for Social Education s 

1® Basic Programme ; The aim of science education for the 
newly made literates differs from the aims of those of Lhe other two 
categories of social eduoation. The newly made literates generally 

represent the culturally backward strata of the society and n^ny a time, 
are victims of superstitions and blind beliefs. They must be reedu» 
cated through science so as to develop a rational outlook. Sirallarlyj 
they must be informed of the wonders that scientists have done in im¬ 
proving the affairs of man. They must be educated to appreciate 
science as a booia to nnnkind in relieving many of its difficulties. 

The modern means of transport and communications will also be inter¬ 
esting and useful to them. They must also be made to understand that 
many of the diseases are due to carelessness, ignorance and bad habits 
on the part of the people. Thus they should be led to realise the 
Importance of clean and healthy habits both in their interest and in 
the interest of those who are related to them. This must lead them 
on to realise their responsibility in maintaining public health as a 
part of their duty to society. They must knew about the food value, 
ventilation, disposal of refuse, drainage and the futility of undue 
emphasis on certain rituals thei are not sound from the point of 

view of the laws of personal and social health. Provision may also 
be made to make them learn or get training in the ari, of healthy living 
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and of keeping themselves and their surroundings clean. In one word , 
the contents should Include all those aspects of science education 
both theoretical and practical,that go to make the life of the ignorant 
millions more pleasant, profitable,useful and enjoyable. 

This course can be organised along with literacy education 
by the State Organisation for adult or social education in particular^ 
and^xhe various workers associations in general. Nearly three crores 
of the population come under this schen^. Thl^ recently organised 
Community Project Centres can tackle this problem more effectively. 

In the early stage of the course until the adults acquire 
some mastery over literacy,other media of instruction like radio, 
gramophones, filmshoi^s, demonstrations and exhibitions can be employed. 
Both as a followup to the literacy course and as furthering of science 
education,suitable reading literature like,science bulletins, journals 
afid talks can be employed. In still advanced stages,^ooks and perl- 
odlcals of scientific interest may also be used. Visits to factories 
and other places where the impact of science is apparent,can also be 
organised, 

2, The Advanced Programme ; This course is intended for those 
adults who had their education upto their 11th year or a little longer. 
At present there are about 45,00,000 pupils who discontinue at their 
11th year in every school year. At the same time ev ry year,.another 
ten lakhs of pupils discontinue their studies at their 14th year of 
age. Hence it becomes clear that this class of adults who discontinue 
their studies either after their primary education or in the middle 
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of their secondary school^,¥111 he in a substantially large number in 
the country^distrihuted mostly in the rural areas aM to some extent 

• j 

in the urban areas. 


Most of them had little or no science in their school loys and 
as such jthey are practically illiterates so far as science education 
is concerned. It is also likely that he little literacy vjhich they 

had acquired in the schools might have been lost in the majority of 
cases where little or no opportunity was provided to exercise that 
tool. Hence they will be practically in the same Ir-vel as the newly 
made“literates for purpose of science instruction. The course con“ 
tents to them may be the same as indicated for the basic course but 
with greater emphasis ^ the literary approach to study. 

The Science Course for this category of Social Education,may 
include application of science to sonK of the modern problems like the 
transport, communication, Mechanisation of Agriculture, health and 
sanitation, food and shelter. The control of diseases aiii raising 
of the living standard through the application of science may also be 
included. This course may take tte form of 'Popular Science', without 
ihcluding foriml or systematic aspects.of science. 

The Science Course for the Interested and Enlightened Public ; 

This course of science is intended for all those who had a good 

wtvO 

general education in their early a||e,want to continue their Interes 
in science which they had already developed in theSIr student days, 
either as a result of specialisation in the subject or as a hobby of 
interest. In the science course intended for this category of adults, 



topics like entrgj ao:! its applicatlorij progress in cechno log leal field* 
mechanised agrlculter® anu iiBiustry, r^wer developTOnts in, Ifcdical 
practicej radio and space exploration* food ard population, space 
travel, effect of radio activity, effect of the impact of science on 
social struetnra etc,, may he Included, Th® contents may 'te spread 
over different i^riods of th© year according to a regular plan. This 
course must include r©¥ applications of science in the different 
fields of human activities and the vays in ¥hich those developments 
are to Influence human civilisation. It is also iBcessary to include 
some topics of sociological and philosophic aspects of science at 
this level. 

Technique to be Employed s 

Th© adults though illiterate^are not the sam© as children in 
th©lr mental make-up, particularly in their ability to conceive things. 
This naturally demands the eraployraent of a technique that Is different 
from that ¥hich is employed for teaching tSihe children. Th© adults have 
a good number of concepts already formed and as such the uiderstandlng 
of what is taught can be highly facilitated. Further, their attitudes 
and appreciations have reached muturity In their cwn way and therefore 
they cannot b© treated as children. They have to be taught taking the 
as partners in the process. Though they cannot use literacy as an 
effective tool in the beginning, they can unaerstand what is told and 
what is demonstrated siM© they have gained connected experiences by 
different ways. Hence talks, demonstration of experiments, pj/ictorlal 
representations and films can form effective ways^of teaching them. 

Some times formalities of teaching may have to be set aside and 
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programmes may have to take the form of talks anl demonstra¬ 

tions. Such a flexibility is essential to enlist their full and 
free participation in the learning process. 4s their literary 
ability increases, suitably written books may be used. Library faci¬ 
lity will greatly help the spread of social education. Stress should 
be laid at all stages on the application of principles to familiar 
problems, 

At the advanced level lectures and demonstrations nay be em¬ 
ployed as means of imparting social education. As far as possible 
analogies should be used to make scientific facts and principles clear. 
Practical Implications of the topics of treatment may be clearly drawn 
so that they can understand and appreciate science as a subject of 
practical implications for improving their ways of living. 

Science education for those who are intending to pursue their 
interest in the subject may be orgFnised in the form of short or long 
term vacaiional courses. The lecture-demonstration method may be 
followed as an effective technique of instruction. Economic and 
socioMgical implications of the topics nay be clearly indicated so tha 
they my realise the impact of science on the social aiii economic life 
of the nation. 

Organisation of Science Courses t■“ 

No doubt, the organisation of science education at the social 
education level should be entrusted to those institutions and agencies 
that are connected with social education. In England the Workers' 
Education Society, the Extramural Section of the Universities and other 
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social and professioi®.! organinotions generally have taken up the 
responsibility of providing social education to the people. Special 
Science courses of an advanced nature arc organised by tho Ministry 
of Education in co-operation with the University Departments of 
Science a The Science Masters' Assoctation anri other Associotions 
devoted to the cause of science>^ educotiDn,will also organise le¬ 
ctures and demonstration courses in scionco for the benefit ol' tho 
adults. Sometimes short or long term lecture courses are organised 
at different places of the country with recidential provision. Certain 
Institutions like the Royal Society of Science and the Institute of 
Science also organise lectures on Science topics of current interest 
or on topics that involve newer ciovelopments. As part of such vaca- 
tional science courses excursions are organised to Mis eurns^laboratories 
and to other fields and places of scientific interest. The British 
Btoadcasting Corporation has a well planned programme in science edu¬ 
cation for the country. This of course takes the form of the three 
levels of science education as already inai'jated. The local educa-- 
tion authorities also provide for science education as part of adult 
education through the different types of lay and evening schools, 
institutes of various kinds and youth centres. They also assist those 

institutions that,are maintained by voluntary agencies with liberal 
grants. The proposed County Colleges for the education ol youths after 
they discontinue^ their studies are yet to be organised. When a net 
work of County Colleges is organised all over the country, more effective 
provision for further education of the adults will be ensured. This 
provides both vocatioml, cultural and recreational programmes to the 
youths. Science topics with experimental demonstrations, whereever 
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possible 5 are incluoed in large number in the general and cultusal 
educational programmes. The applicatiomof Science hoveverj-vjill 
apparently dominate in all those science programnies. 

In Mia every State has one or the other type oi' organisation 
for adult or social education. It may be directly unuer the control 
of the State Department of education or the responsibility raay be en¬ 
trusted to some voluntary agency. Tho adult education movement 
started in the first or second ae'Cade of this century,Vi: s gradually 
grown into a purposeful arive into what is now called a social educa¬ 
tion. In the early period the State Departments of 3ducation were 
organising What were known as night schools mainly interred to wip;te 
out illiteracy among tne grown up people. When the work expanded, 
the responsibility was entrusted to independent organisations or vo¬ 
luntary agencies. They used to organise lii,erocy Centres for teaching 
the adults the three Such centres did not become popular since 

the adults did not show Interest in mere Literacy work. So recreational 
and cultural activities were added to the programme. Science, scien¬ 
tific instruments, science films and science demonstrations can equally 
attract the adults for participating in uhe programme, This aspect 
is yet to be attempted. Wo doubt,in some states simple books on the 
topic of science are being brought oui. for the newly made-lltrates. 

Other organisations that are doing social education work in India ares 

1. The Workers Literacy organisations, 

2, The Indian Adult Education Association, 

3, The Community Project Centres, 

4. Scout and Red-cross Associations, 
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So Sevafial, Gandhi Vichar Parishathjetc., 

60 , Gokhais Institutes j 

7* State Departouts of Public Healthy etc, 

8 , Rotary Club, Ladies Clubs, etc», 

9o A variety of social and cultural institutions 
recognised or unrecognised by the Governmant, 

10„ The University Extension Service Departonts, 

11 0 Radio, and 

12» DTe^/JSpapers and Periodicals, 

This list indicates that there are ^organisations 

engaged in the field of social or adult education,each doing work in 
its own way. There is need for bringing about proper co-ordination 
and articulation in their work. Only a few of them include science 
in their programme. The rest of them will have only classics, like 
Raraayana, Bharatha etc,, as the main source of their programme. Even 
in the case of organised instructions, fea-science is generally neglected 
in their programmes. However efforts are being made to include some 
topics of science for the different grades of social education program¬ 
mes. Even ^the recently started Rural Colleges that give liberal 
education to adults do not provide adequate amount of science educa- 
tlon. They devote a greater part of the time for recreational and 
emotional activities. Even in the University Extension Lecture Pro¬ 
gramme ^^cience is not represented in a desirable proportion. 

The Central Advisory Board of Education has,as its wing,an Adult 
Education Committee. This Committee has to realise the importance of 
science to'^odern life of people, whether literates or ilUterates. 

The Committee may try to influence all those organisations engaged in 






social or adult edu at ion work to Include topics oi' science and even 
to provide activities connected with science prograi]iM]e„ 

Most or our cultural Associations cited above, aided or not 
by the State^take up the work oC propagatin[\ soma aspects of our 
ancient traditions as if nothing else is essential for the nodom life. 

It is high time to realise that the public funds shall not be spent 
only over such items which have doubtful value to the present life In 
its modern texture. It shall be the responsibility of the State Govern¬ 
ment to insist that the grant given to private or public agencies 
should be utilised for the enrichment of modern life in its modern 
texture. Atleast, such grants should not be permitted to be used for 
the propagation of activities and. ideals that are definitely antagonis¬ 
tic to rational aspect of thinking which is the essence of science 
teaching in our schools. If provision wero to exist for the creation 
of such an antingonistic atmosphere in the social texture of the adult 
life it will wield a negative influence on the effort of the schools 
to develop in the minis of the youngsters an unaerstanding and an 
appreciation of the spirit and the outlook of science. Hence it be¬ 
comes necessary on the part of all those who are inte^^ested in the out¬ 
comes of an effective science programme in the schools to see that no 
negative effect outside the school, in whatever form It may be, is MU' 
officially encouraged either by the State or by the Community. It 

must be clearly understood that this does not mean that we should pre- 

thUoujh • 

vent the appreciation of the Truth, Beauty and Power^ Bather, it merely 

attempts to keep the human mini free from i|norance,superstitions, 

One. .1 

dogmatic assertions and such other attitudes and outlooks vhich^definfill' 
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considered to be the tragic flaws in a moctern sociological texture. 

At present science instruction in our ccuntry is provided 
mainly in schools and Colleges throggh the formal teaching of the 
subject. Blit they are not the only institutions that are moulding the 
Character and personality of our children. There aee hundreds of 
other agencies that are probably wielding a more powerful Influence 
in shaping the character and personality of our youngsters. Most of 
them are traditional in outlook and devoted to the propcig?tion of 
ideals and activities that are far from^realistic. Though they do not 
directly undertake the work of imparting the systematic aspect^any 
curricular subject, they do influence the development nf tho personality 
of the youths with regard to certain attitudes, certain ideals, certain 
outlooks and certain ways of thinking, feeling and acting. Such out¬ 
comes of the educative influence of those social agencies and insti- 
tutlons^arl apposed to the very spirit of science instruction in schools 
and colleges. Therefore the activities of such a type are to be 

consiuered as a set-back ana a challenge to our educational programme 
intended to prepare our children and youths to the life of a modern 
scientific society. Therefore, It becomes clear, that for the success 
of the science instruction in our schools and colleges,a suitable 
social background in the mental set-up of the adults and their insti¬ 
tutions becomes quite necessary. Though there are some social insti- 
tutions that^doing work in the realistic direction, there a re yet a 
good number of institutions with their unrealistic and traditional 
programmes. They do oppose the spirit of science even though they 
never heiitate to use the benefits of science for their activities* 
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Any attempt to control their activities such as to contribute for the 
growth of realism and rational thinking in the society, will surely 
oouljt the indignation oi many people and inst 5 -tutions. The only method 
of achieving such a change in the desired direction,is the reeducation 
of the minus of the adult individuals by w^^ll-nlanncd programme cf‘ 

A 

social education with science as a dominant GUb;3ect. 

Toy/aids a New Social Order j 

The advent of science into our social education scheme will 

gradually change the ways of our living, thus contributing to the 

evolution of a new order of society, Tho inaividuals in such a society 

will be free from supersti^tions and other blind beliefs5 they will 

base their conclusions on material evidences5 they will thlnlc and act 

in an objective way; they will respect the 'cause and effect theory' 

in their every day life; fey will exhibit objectivity In their out» 

ir^ 

look, attitudes and appreciations; will view ana weigh things without 

bias of any sort; they will always keep their mina open and be ready 

to revise their conclusions; they will have coafidence with conviction 

in the strengthening of national economy through the application of the 

principles of science to the art of industry, ana above all, they will 

iKl 

be lovers of Truth, Beauty and Power as highest M idealg@?& in life. 
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CHAPTER XX 


Science In the Universities and other 
Higher Education Institutions. 


The purpose of education is to ensure that the cultural heri¬ 
tage of the race is handed over from generation to generation. In 
other worS-S,education has to act as a means of transmitting the cul¬ 
tural "wealth of the race from generation to generation, Thjs trans- 

vi 

mission is not a mechanical nrocess. The inclidus.ls will have to 


acqu£iint themselves with the cultural wealth', then^thejf have to inter¬ 
pret the same and try to improve it vjith their original contributions 
before the inherited wealth of culture is handed over to the next 
generation. This tripple responsibility of education necessitates 
all its manifold, organisations regarding its objectives, mture of 
contents and the techniques of instruction. Schools are generally^ , 
concerned with^the secord and third cate^gories of objectives. Though 
these three objectives are of three distinct cat-gories,contributing 
for the differentiation of institutional organisation, selection of 
contents and nature of instruction, the entire scheme naturally forms 
one continuous process of education. Hence it btoomes necessary to 
consider science education at the University axicl othi^r higher education 
level to some extent in continuation with that of the school science 
programme. 


If the main work of the schools is to assist the individuals 
to acquaint themselves with the wealth of human experience that of the 
Universities is to assist them to interpret and improve the same. If 
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If "VJe were to evolve a jrenercl aLii of University eductatjon on tl is 
basis we can say that the Universities ha.vo to assist the individuals 
to acquaint themselves with the ra.cial culture and enable them tc 
contribute tc its prof,Tess,thereby also assisting them to develop their 
personality. This aspect is more clearly expressed by Uio University 
Education Commission of 1948 in their report Published in 1949, Accord¬ 
ing to the above report the aims and objectives of University teaching 
1 

Q in Cl # 

d X ^ 4 

1. Transmission of the intellectual an’ ethierl 

heritage of humanity to the Youngt 

2 . enrichment of this heritage and. exhenolon of 

the bounlaries of knowledgetuwoU 

3. development of personelity. 

The University education has to arouse the interest of the uu^'ils in 
the field of the study which they have In addition toi the 

work of providing factual information it has no stimulate their spirit 
of enquirlj 5 and of criticisuni thus contributing to the growth of the 
pupils' personality through tiie acquisition of the habit of independent 
and unbiassed judgement an^ the ability to discriminato between adequate 
ana inadequate, relevant and irrele-want data, a nC the sj^rewdness in 
avoiding the extremes of haste and indecision in arriving at conclusion 

The University provides comparative freedom to the un'er- 
graduates who are generally sufficieiitly m'^ture for the particular kind 
of instruction that is provided. The nature of the work of the Uni- 
versltjtes should be, as per the report of the Culcutta University 
Commission of mU-'^o^enlighten and practice the conscience, both moral 
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and intellectual. This conscience locks in close relation in life 
to three interrelated types of existence, the ntlural, social and 
spiritual. The contents of instruction can be c;la.ssii'ied ui^er 
these three heads - natural, social and spiritual, Jt is with the 
natural aspect that we are concorned hero. Ilatiirol or exnor line rite 1 
sciences as well as technological courses come under tnis ci'oup of 
instruction. No doubt,every nup'.l should possess a knowledge of the 
physical world In wi-'ich ho lives. But t. is knovjledge :1s rade up of 
a nmnber of branches. Every one ernnob saeci/ Iise in every one of 
those branches. But every student will Irve to knovj something about 
each of those branches of science while specialising In one or two 
of them. This principle should form tne fun-a mental basis for orga¬ 
nising science education at the unclergranuo tc level, Vihoroc'S at 
the post»graduate level the student should be expected to study some 
aspect of his subject with a view to do soiae original research work. 

The science courses at the University level mby be of different; types 
depending upon the particular purpose with which they are instituted. 
There may be a science course intended for the noh-science specialists; 
tte re may be a science course for broad specialisation and there snay 
be another science course for narrow spscialisatich. It is essential 
to know the particular purpose or purposes which orch of the above three 
types of Science Courses is expected to serve. 

I, Science for General Education ; This course is Intended for those 
unaergraduate students who are not specialising in science but in one 
or the other aspects of humanities. A course of science including 
topics from various branches of science will fs)»m the IV part in some 
of the Universities. In the three year degree course the f^eneral 
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sciGEice will be studied by pupils u,: to tho II yeor r.ii in tho third 
yeer this subject will be c'iscontinuec:. In the third yerr they will 
study only their main subjects of specir lisntjon (Ihjor). liie nature 
and. contents of this course varies indifferent Universities. This 
tendency of providing some sort o3‘ opportunities to arts students to 
study :eneral science is touna ■ n other countrijs ols'-'. It being 
realised that science should bo taught as a tv-rt or -cneral educa¬ 
tion not merely in tho lower classes of the Universities but also in 
the upper classes. It is felt th't if ii. is taught In the first 

or second year^ it will be uracticcilly forgotton in the third year 
when the students will devote their entire attention for toeir special 
subjects. Hence sorae people feel that it should be studied right 
up to the end of the degree course. 


The scope of general science should be such as to enable the 
students to understand anu use the scientific ni'- thocl ano to develop 
an active partlciLpation injSnd an intcllipcnt appreciation of the 
physical and biological worla. But it shall .cot be crowded with all 
sorts of topics either to give it a systejuatic colour or to provide 
for various types of human interests. 


OrRB.nisatlon of the Course Contents i 

The course of studies should be frfmed in accordancew ith the 
above principles. Topics must be selected from each of the major 
branches of science with due regard to their particular contributions 
to the modern social life. Their ba.sic V/ccabulary, tne tnejor concepts 
and generlisations should be included in each of the cases. 


But the 
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tendency on the part of the acadeii’ic acientisto lo inc Lude 'II sorts 
or topics at their branch is fxequently not icon. This vrill kq1:u the 
general science course Mt merely difM -ult but ' ven ‘Tadiiolly un¬ 
popular. Ib must be remerabered that the purpose ol' uhr)! course is 
nob to raake^non'Science-specialists qualified scitjnl.lts in each of the 

different fields of science. It should ^ust be a course or introcluC"- 
a 

tion the different branches of science so that they rny bo faci¬ 
litated jW increase their experience in those fields by their xh ovn 
interest and further reacting. 

II. General Science for Scienco Specialists ; In the case of those 
students who specialise in one or the other branches of science in 
the degree course there is provision for them to study one branch 
comparatively to a aeeper level and totally neglect tne rest. There 
is a growing tendency both in Europe and in America to provide a 
broader based education in science for the first half of the degree 
course and to permit specialisation in one or two branches of science 
in the remaining half of the course. This is clearly exhibited in 
the courses of Studies of the newly started University of Northslafford 
shir© in England and in the survey courses in science provided in many 
of the American Universities. In the Northstaffordshire University 
the degree course is one of four years. During the first year all 
branches of experimental sciences are studied by all students whether 
they are going to specialise in science or humanities. The first 
pear course provides a broad foundation for specialisation. During 
the remaining years though specialisation is permitted they have to 
study some subjects in addition. Those who specialise in social 
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sciences or huimnities will hfve to study experlnient'"'! science filso* 
Those vjho specialise in e^^peri^entnl science will have to study some 
subjects under humanities or social sciences. The uarticular interest 

iKa. 

in/oundatlonal course is tho I: it includes the study of some aspects 
oi history ana philosophy of science as well rs lino oethod.raocy and 
its application to human affairs. If soeci.-'llaacJoa wcj’o to be follow 
ed on that broad-based f'enoi'-al educatiou in sclcnco the '’'U'Ctls will bo 
able to apnrecia.ta the huraan ondeav:'.!!!!’ uniGrlyJ.np: the dove] opirnont of 
the subject. Though one w:ll specialise in one branch of science 
to a deeper extent be will not be irnorant of the basic vocc.bulary, 
fundamental concepts and principles o'' oilier branches of science. 


Sinilar tendencies of devoting the first half of the de¬ 
gree course (Intermediate) for 'encral education and the roiialnlns 
aspect for specialisn tion was also existing in the Ividian U;liverstties 
till recently. Of course now the Universities have inst-'tuted a 
three year degree course retaining the last three year oourpe for the 


University and adding the first year course to the secondary schools , 
In some of the Universities science is studied as a subject of general 


education during the first two years in the deayee class. The P.eport 
of the University Education Commission of lDd9 has exnressed that 
such a type of distribution of General Education courses is not profi¬ 
table . The ComMilssion feels that such a thing \)ill make tiie students 


feel that general education is after all unimportant and that they 
advocate that such a scheme should continue till the very end of the 


course. No doubt,this is a sound suggestion but the work of specia¬ 
lisation in any particular branch may be handicapped. So far as the 
provision for general education in science to science specialist is 
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concerned the following scheme is suggested uj.th the end in view tn?t 
neither the general nor the special aspect oC science education 
should suffers 

In the case of those unuergradual'es who specialise in one or 
the other branch or branches of science^provision jiny be ''lade for the 
study of the following aspects of science duriiv’ the noriod of the 
course „ It may be made an eicamination subject like other subjects, 
ft may be included in the scheme of oxrmin'-tion so that the students 
may realise its importance. The course may inclnie such topics as? 

1. History and development of science, 

2. Science and Religion, 

3. Scientific outlook and seientific sttituje, 

4. Scientific method - its development, 

5. The inducto-deductive technluuc, 

6. The irapact of science on society, 

7. Science and human civilisation, 

8. The limitations of science, 

9. The future of Science, 

10. Science - its charms and horrors, 

11. The particular contribution to human -ood by 

the different branches of scionco, etc. 

In view of the limitless range of applications of science to 
human fields it becomes evident that only a selected list of topics, 
as listed above,is to be prepared to serve the purpose of .eneral edu¬ 
cation in science. Hence the work of selecting the contents for 
general science becomes very important. 


Vie should remember that the 
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probXem_of selection finally will reduce Itself to the nroblen of 

to kaqjh 

what^ra.ther than how much to teach, Every topic we Include under 
this scheme^should contribute to illustrate or elaborate those aspects 
of science that ere doraAinant by their application to life. 

BtudenCs specialising in science siio.y bo asV.Gl to acquaint 
themselves v/ith the g reat classics of science lil.e Gridin of f^pecies, 
Princioia, 0ptics,etc., to give tne.n an idea as to l ow theTtiiilids of 
great scientists worked. 

The inclusion of the above genej-al sci nee course is intended 

to provide an all-round science education to those v;ho specialise in 

iid 

sciance. The work of specialising is no doubt, more important aspect 
of the degree course but the general educatioh^provided by science^be¬ 
comes equally important when \^e realise that the scope and purpose of 
specialisation becomes more meaninfj ful in the light of the history, 
meaning, method anu effect of science as a whole. One may feel that 
many topics of interest are to be incmaed in che general science 
course. Of course, the re rre so many topics. But proper care is to 
be bestowed in selecting those contents that qre of particular use. 

A rigorous ana discriminating examination of the conrents shoi^ld ensure 
that only tfie more important ones are included while tnoso that are 
less important,^are excluded. Those topics that are included must be 
such as to influence a more exacting influence on higher eduuatlon amte 
demand on the part of stuaents,a livins interest, creative thinking 
and freedom to explore. 

A list of topics Im-luded in ohu sclon^e course ox the 
PDunaation*^year in Northstaffordshire University U given below 
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to illustrate the rarij^e am scope of the science course for general 
1 

Educations 

I, PEIYSIUAL EMTROm'ltiiHT 

1. Newton’s Mechanics, 

2. The Sky, 

3. The Solar System, 

4. The Stars, 

5. The Universe , 

6. The Earth’s Crust, 

7. The interior of the Earth, 

8. The waste of the land., 

9. Sediments, 

10. The Dating of the rocks, 

11. The procession of lifo, 

12. Geological time and age of the earth, 

13. The changing earth. 

II. THE PHYSICAL SaCKGROUNu ; 

14. Work, Energy and Power, 

15. Gases, 

16. Chemists View on Matter. 

17. Electricity, 

IS. Electrons, 

19. The structure of Aton®s, 

20. Atomic Nuclei/^, 

21. The Periodic table, 

22. Building Molecules, 

23. The Uniqueness of Carbon, 
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III THE Bl"TBRaii:NC:j Ci.'- MA-M i 

24. Vlhat is a liviing thing? 

25. Conditions necessary for life, 

2G, The Mechanisr-i ox' Evolution - Eo nrodnctioit 5 

27 . The MechaiU-sm oT Evolution ™ The Physical 
Basis of JntierIfccnce , 

2S, The I-iechanisrii oT Evolut.iori - The Elernent of 
Change, 

29. Evolution of Pan. 

IV AS A LIVING CR(h'iWISt-h 

30. Man as a mechanisM, 

31. Physical Ba^is of oonsotion, 

32. The nature cf Human E::pcricnco, 

33. Human Orgonioation ano. PXih' vi'om’*, 

34. Enzs^-mes, 

35. Food and its uses, 

36. nutrition, 

37. The Reproductions cycle. 

V mi] A PIP i 

38. The causes o±'’ diseases, 

39. The Biology o±’ disease control, 

40. V^cination and Immunisatl ori, 

41. Chemistry and the treatment of disease, 

42. Mental disease and Mental Hygiene, 
CONTRIBUTIOnS OF SCianCE TC SOCIETY £ 

43. The Geology of Mineral Deposits, 

44. The rise of modern iron and Steel Industry, 
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45, 


46. 

47. 


48, 


‘i’he rise oi‘ the Cho , i ;r i industry, 

The i';odern Chomicr’l Inslustry, 

Plastics, oynthetic huh oar end l&nMKds 
Man-mnde-fibres, 

Science an^i Agr::culture, 


49. Electricni nower, 


50. The Geography o_* i Cv',r Ouoply, 

51. Availability and efficionc' oL' soui'ses 

of pov/ei’, 

52. Mew Sources of Power, 

53. Muclear rower, 

54. Te lecoraiiimicatlons , 


VI MU AS AM QRdGIMATQR ; 

55. Man as an originator, 

56. The invention of invuntlons. 




The list of topics indicated above is intended- to serve the 
purpose of general edu-cetion in science, not nerely for those wno are 
going to specialise in experiernental science, but also for those who 
are going to specialise in other groups, na-’iely^ huwanities or social 
sciences. Tt is a coraiiion course for both science and non science 
specialists. The list no douht, incluics to a great extent, the 
systeinatic topics of the different branch-'s of nxpGrlraentc.l sciences 
but the topics are arranged In a peculiar order based on human interest 
This course is Intended only for the first year of the University ana 
to he dropped off at the end of that year. One may feel that the 
influence of the course, however good it may be, ceases to operate 
effectively in the later years of the University course. If the above 




course were to be spread over the 
Crotion and it' specialisation wore 


orenter rort oi t[ic '((iiivernlty edii- 
to start iron the rirst yenr itself, 


the adverse effects anticipated by the above critic’oi/n n-y be avoided. 
However, the list includes sofne aspects of science for f'onjral educa¬ 


tion for those who are going 
of knowledge. 


to specialise 


in one or the other branch 


The sub-GouiTiittee anpnintod by tho Cor.i, d/btoe rf Vice-s'JhanoeIlor4ii 
of the English Universities to considor the Lniversity ortj'onco ro- 
quiretnents^ stated, in their report in I'oG, tha:, "Universitios and schools 
have a coraiaon interest in the prornotion of a well-balancuci ano liberal '■ 
education side by side with onpropriote specialised studios. The 
committee further viewed that a stuaent hiay fail to tri?<;c the full ad¬ 
vantages of the manifold opportunities rruvidod by the bnivorsity edu¬ 
cation unless a foun 'abion for broader interests is laid in the schools 
ana that the fruitful avenue for such a broad founaatlon s ould start 
rt the sixth form ana go right unto the end of tho de reo course. 


Broadly speaking the University Education of science specialists 
should go on side by side with a broad general education that subject. 

It is better to spread this general education course of science over 
the whole of tne degree course. At present such a coui’se is either 
restricted to chc intermediate or kre-University stages whore stuaents 
study more science subjects than they ere going to specialise in the 
degree course. But the existing reneral education course which may 
spread over the greater part of the university course Is quite peculiar. 
For Science specialisits there is a course of social science ana for 
those wno specialise in humanities there is a course of general science. 




»> 4S9 « 


The purpose ol such a course is (|uite clifrerent, XL io to i;io.l;0 
scieutis ts more huaiunistic and artists moro sciGntif j.c , Hut what 
we raes-n by general science education for science specialist,; is quite 
different. Its purpose and scope also are different as stated above. 
The [Tiain purpose of that course is to provide an opportunity to the 
science specialists to have a broader concept or the iiold of scioncei 
as the foumatlon on which they h;ve Lo build t.xe tower o\ tholr 
specialisation. buch a course naturally consists of the iollowing 
fxve fields of study. 

1. Historical development of Sciexice, 

2. The Method of sdieiiCQ, 

3. Science am our chanpiA'’ values, 

4. The contribution of science to human good, 

5. The need for us.ing science only lor the good 

of rnankinl aija noo to his destruction. 

Suitable topics covering «ach oi the above fields may be incxuded and 
tne study oi the same should be spread ow'er the ■whole course. If 
possible an examination in this subject may also be he la at the em 
of the course. If that is not possible a fev/ questions on general 
science may be included in each of the special papers. In the words 

of the University Education Commission*such a course in genersl educa¬ 
tion will go to correct the extreme specialisation which is common in 
our degree programme*. In addition, it helps the science specialists 
to get a fuller and more«meaningful view of the narrow subject in 
which they are specialising. 

Standards of Achievep^nt in Science ; 

It is common to state that the standard of pupils’ achievement 
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is dependent on the standard oi teaching though tho forwer is con¬ 
trolled by other factors such as the pu^iils' le'^rninr crracltyj 
suitability of courses selected, pupils' attitude toi/erds study anct 
the different educational facilitiGs at the dlGPosol of the purlls 
and the way in which those facilities are node use -f. This foot 
hecoraes more evident with regard to the «''chisvcment of pu'^ils at the 
University level where they are expected to oorr;/ on In'lopendent study 
to a great extent. What ever it r'rr/ 'G, .it is ronertlly believed 
that -die pupils coming from int rmediate colleges to the degree classes 
are poorly ground in science. This is evidencoC by the Crct that 
a rood many pupils are not promoted from the first year to the second 
year degree class. As quoted in the flenort of the University Educa¬ 
tion Commission of i949, during 1944-4C only 72 b of the unils passed 
from the first year B.Sc. to fcho second year L.Sc., where cs during 
the same period the overage percentage of pisses from the second year 
B.Sc., to the third year B.Sc. was only 62 n. It b comes clear that 
there is a heavy wastage in the scii^ncc courses. This wastage is 
estimated to amount to about 50 /j. As indicited in an ' irlicr chanter 
there is nearly an equal amount of wastage when I'unils tahe up final 
year examination. In England,admission is made to the degree courses 
very carefully,insisting upon higher stajilards of nerforigance jn the 
G.C.E. examination. This naturally reduces the wistare considerably. 
Even among those who pass in the final examination the percentage of 
those who pass in the III division,is too high rangine; from 20 A to 
75 This wastage should be considered as a national problem and 

every effort should be undertaken to reduce the same. More careful 
admission, stmller number of students, greater amount of individual 
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attention to the punils in their loborsitory \Jorl: riuy f':' Id i'lfjrove 
the standard of pupils’achievement in science, thus pr'eventinr; the 
enoramous v/astage in science education at the university level. 

Science Education at the Research Leve l; HurnCLn civilisation of 
the present day is the result of the accuMulato-'’^ ueaXth of coiitir- 
hutions by individuals at different times in the history of raanvind. 
Those particular contributions were fror'i those individuals who could 
go deeper into the fields of nature and the nurr'ose and processes 
underlying human behe-virur. The complex civilisation of tenJay is 
certainly,the result of narrow specialisation anr3 resorreh. In this 
connection we may ii|uote a statement from Whitehead, the English 
PhllosooherI 

" a progressive society depends on its in'lusLon of^ 
three groups i Scholars, discoverers, inventors''. ^ 

As expressed in the University Et^uoation Commission’s Ileport of 1949, 
such "scholars rediscover the past anc set before us ideals of wisdom, 
beauty and goodness; discoverers find out new truths and inventors 
apply them to present needs". The universities are the chief agen¬ 
cies for producing the above three typos of non who could bring togethe 
the progressive activities into on effective instrument of social 
utility aixi progress. This sacred wori: of advcncoraent of knowledge 
Is as much a responsibility of the universities as it Is with their 
work of training citizens. In fact n^re teaching gradually degener¬ 
ates if it does not find its root in research. Hence all the Uni¬ 
versities in India to-day,cherish as their objectives ,the advancement 
of knowledge through^in addition to their teaching nrogranme. 

In our dally life we use the automebilies, the aeroplanes, 
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the radio, refrigerator, c1,n:.i?a, ec^aeut roads, aenlcjliiji a.i/ other 
I'/oriler drugs, disinfectants etc,, \-r icii are the fruits of r Mcrrch 
stud5-es or dlscoverjes or .Inventions. ^vi-vy stafetj ''Jbether rdv'ancod 
or boclnjard ,is trying to moke use of scioucc a.na. scientifl-c reseercb 
to improve the position of food, cd'-M' n.inicat 1 o'',, dercnco, nia-i ly m’ 
energyjhot'1th and sonitation. Scionce as o-'-'MioP ti tb,e - bove f.ieldSj 
olxvays follows the pure disintererjted roseot'ch woru 'n tho luljora cr¬ 
ies, most 01 which are located in the various science dopartMents of 
the Universities, thougn d fe¥ of the are sto.r-i'ed and i]i intainod 
directly by the stetesand the Conlr: 1 Govorninoiits. The bniversil'-ies 
have to d ischerge the double responsibllil.y of contr-bating Oiroetly 
by their fundamentrl reseorob, to tho ; dvanoei.'icnt of knowlod-^e and 
progress of life and to the producing of enengh roseorch workers to 

undertake research work either In tho Iktlono] or its to Laboratories. 

cw, 

Therefore training in rGseorch worl is ji-ipoi’tunt to tho stole as 
advancement of knowledge is Imnortc nt to the Intellectual life oi the 
nation. Hence it becomes clear that the autnorihies wno accord 
sanction for the start',ng of the Universities and provide funds fior 
their maintenance^will have to ensure thai: tnose un^vorsllies assume 
not merely the responsibility of teac'nlnp but also tie resuonsibi lity 
of organising r*'-search work- and the trrln’ng of reseorcb workers in 
the field of science. 


Growth of Research Movement in Indian Universitiest 

For a long time the three ma.ior Universities of India namely 
the University of Calcutta, ”adras and Bombay remained affiliating 
Universities. Only a few individual scholars conducted research 
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on thQir ot/Jh 1 ins ani], no organ5.sed attennts were fjiac’e to train rG- 
sGorch “v/oxi^iers anci to start centres ri" resaarch^ in atn^ University, 

It VPS only in 1914 that post-grartnate depart-nents vc.ve foruud at the 
Calcutta University, Aiher the first world war 11(7,-/ UnivorsitieSj were 
stsrted, iiome of then that were torchinr universities started ’’ost- 
'■jraduste training and research froiu liie vei"^ heginnin; of thoir orif/in. 
Later the affiliating Universities also sta.rted oost“gr^''^uat 0 tesearch 
courses, ‘i'he organisation of research in sever"’! University dcna.rt- 
nienfcs raisec^ the nosition and status of r-. search an' posi.-gr? duate 
teaching. The scientific researcli activxt’? 'shich wa,s till then^meinlj 
the concern and monopoly of the Government ocientific G'^rvlces, passed 
over largely to the University departiients after 1920. I'ractically 
in those days tke-re no grants were given oy Uio Central Government 
for fundamental research except those that were given for acricultural 
and medical research. Yet, some of the Universities did some cre¬ 
ditable research work in the field of funaanental science. 

Dr.3.3.Bhatnagar giving his impression of the particular diff; 
cultles encountered by the research workers, in the for'^i of a report 
before the Royal Society in 1946,has expressed the fnllowang views.* 

"Lack of equipment, lack of accomraodr'tj.on, long hours 
of routine teaching work,due to insufficient teaching 
staff and fimlly, the eternal want of fums are some 
of the problems that handicap science teaching and 
scientific research in Indian Universities'*.^ 

Irispite of the above difficulties substantial post-graduate teaching 

work and research in the field of science have taken place during the 

last twenty five years. Yet the amount of research work done by- 

teachers or research students does not approach to what it should be, 
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Thsr© bo a. fow distir^uishod resoarch studies undoi*ti'ken hore und 
there. But in a ^ast oountry like Iniia the quantity of vork done 
should be substantially of a higher magnitude. Even the general 
average quality of "work done requirejd improvement in all the Univer¬ 
sities, Most'of the research studios are the theses for 'che D.3c. 
or the Ph,D, degrees. During 1938-1948 the number of such research 
studies in all the universities of India in Hig she basic sciences 
amounted to 260, sn average of 26 studies rer year. It inay be noted 
here ®hat^during 1935,there uere more tha.n 400 people engaged in 
scientific research. This clearly Lndijrtes hou little res'.iarch work 
is being undertaken in our Universities. In the subsequent decade 
this number was smaller stilly probably be cans-3 ^ the Universities could 
not get proper persons for their scionce deparbraents to guide post¬ 
graduate research studies. 

The value of 1he research studies can be bettor assessed by 
their publication. Further the particular influence of those studies 
on the growth of knowledge is nossihle only niien they come to the 
notice of the scholars. Hence it becomes clear that it is the res¬ 
ponsibility of the Universities to see that the theses accepted for 
doctorate flni the light of publication at the ear 11 st time after 
the award of the degrees. This is oquaTly nccessar-' In the case of 
research studies in the field of the different basic scir-nccs conducted 
by the research fellows and the nwmbers of Uie teaching staff. 

The report of the University Education Commission of 1949 / 
states that the University teachers are privilopecl aersons having 
plenty of lisur© and enjoying a life of tranquility and as such they 




jnewer methods in relation to choir research uorl:, report deri- 

nltely states that the iiiei-ihers oi the Univci’slh to: chi nr stoili should 
he not merely for impart inf ercistin,-: rnru'lcd e hut also r.''r cro; tinf 
ne\'j or It n nv lod p; e , 


Sli la 


The static Di? raini on the part of IJn; l.o'ch'n''- Gt.r'f’ and the 


Cr''in''' Gl, 

heavy load of terchinp uorh arc tuo iii|ica'‘t‘‘'nt fr cto’u;, that -'00 coninp 
in the vvy of conducting research studies in the Univoinoj tics. Lach 
01 financial assistance is als'^ eooth r frctoi-, In rofinib years the 
UnivorsiLy Grants Commission is makinf libcvLl to : 11 the Uni¬ 

versities and the affiliated colleros for this -uryDSc. The com-iis- 
siori is thereby contributlnr; for the yrc'^.-jth of r s£; ’'ob ’JOj'L. In the 
Universities. Almost r LI the Universities hr.ve r uno intod research 
staff unaor the University Gr-nts CommissLon SchcraG an’ they af'e aefi- 
nitaly chsrged nith the function of doin.^rcsccn-cb nork. ^'hey are 
freed from much of the teachinf los-'d \jhlch niyht ceme- in the niy of 
research norlc. It m8.y be mentlcned Imre thc't th'-rc is need for 
selecting for this purpose only those who can do substential norh in 
the fiGld of basic research. Further, proper co-ordination between 
the work unuordaken by the departments ox the dif-’erent Universities 
is also essential. The University Grants OoMmisslon is to some oxtont 
doing tnis work while approving the prograrmo of rosorroh won: for o.sch 
of the departments of the sovorul fniversitias. 


Methods of Instruction; 


The common method of science instruction at the University 


level is the lecture supported by uemonstration 01 experiments. 


The 




Gf-fsctiivont?ss oi Ghis 'tGclin'jxjLio '-'“-jpo.n’iG Xpi’' gX'' '■.‘‘ri XI'G ’.’r''o?i'X''iGss 
vri.tli uhich lXio ter-chars prcM^'i'e Tci' thoii'' loc Lur'“ s r n'"’ 'G'lions'^iTtiorib. 
Ms-iiy G time j-t is fcund tnxft the Iccburos ere clictriv'd. -nciuilni tho 
detrils oi the cocoeriricnts. This oopf ot prevents the piV'/ls from 
preparing their ovjn notes on the one h^nGi, riio froPi uncxirsl? nf^’ing t]ie 
lecture thoroughly on the otuor. Tn rddlttru. !auny sLuaor.ba fed 
that the dictated lecture is quibe odeq_uate <anl '■ o ror pr^r sufficient 
attention for further study and indeueudent I'lloro Lor;' i:or'>-. Somo 
times,when the dictation technique is not resorted to the lecture may 
take the form of fluent puhlic orstoryl Natiir-'lly, the students may 
not "be F.ole to follov/ the cheJn ot arguments^ot le." st, in the early 
years oi the University educatio’T. Hsnc'? it 11 comes elerr rhe't the 
technique should not very much differ fron thr t Gddea is in use in the 
secon-Uiry schools. The lecture shouL: bf punctneteO 07 ix'jterrousting 

the stuuents end even by loc'curor ho!.nq I’ntorrngrtod by cho orpdis on 
significant points of che tonic. The IccLurer may even give on uhe 


board, the main mints of tne tonic tc- fccllitcto 'U:ils 


ts'ke dovm 


notes ana to indicate the ccn.tres of focus in the tmlc. Gradually 
of course, the students must enr'bleri to t'ke dou”" notes independent 
of the above assistance, partjcuUrly during the later ye rs of the 
University coux’se. 


Need for Better 


Tutorial issistunce t'-. Scjonce 


Otudonts 5 


Private or personal advice by bhc mvonbors of teaching staff 
individually to the students certainly,go s a long nay to improve the 
intellectual and moral life of the students. In the r?estern Univer¬ 
sities this aspect of instruction is a specual fertuje. 


In the 
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University of Carnbrlclge it ?s ct Med suporv Is me r s tiK-'enis go 
usually in peirs. Ip other Universitios tl Ls r<yr,to*'' e;r‘bts ’-ilth 
the difforGhce thoM the nuf^hcr ot pui^’lls ."‘oin' r.t r bir-e for tutorial 
advics yls s, littls higher. A fe'ij ITni'^mrs'in InOio. also h've 
tried this technique hut vjith lergor gmups. out M/ oCfoct'^ onuss 

«V*«- 

0-f the ^c? n. never be fully roa ■ ised M the gr^iun In inUes as many 
as tvjGnty or teenty-f Ive ^as it becomes imnossiblo for tho teacher to 
pay individual attention. If smaller groups are enployod it nuces- 
sitotes a huge exi:)enditure oj funds in maint- injng greeter number or 
members on the science teaching staff. This is no doubt, a serious 
difficulty but some how it is tu be tackled in one or the other way 
to ensure proper tutorial assistance to the undergraduate science 
students in the Universities. 


The principal function, of the tutorlol class is d scribed by 

the University Education Commission as a kind of 'Intellectual llld- 

7 

wifery', It includes the following types of assisurnce to the students 

1. Direction and guidance of the thought process of 

the students? 

2. Assistance to students to learn the method and habits 

of analysis, judgement and evaluation while the 
subject is being' discussed with the tutor as the 
leader 5 

3. Advice regarding Uie selection of fiola to study, 

lectures to attend and the particiMar points on 
which attention Is to be concantroted, and 

4. To assist the students to solve some of their felt 

problems, intallectual or moral. 


The tutorial method con be used as a teaching device to 




supDlomBnt th6 clpss iGctuPGs, Anniiers 1,0 rvc j , ns'pc cn 

topics of scloiice and the cpnlijation ox sC'''qo of tPf oririCi''lcs to 
LToblorns of life inaj’ lopr] subjects for the sciencje totorinl classes. 

It 1s possi])Io that the stucleats in ? s^vAl tul^oriol ,^rGU : 1 

shorpon fei'the; ir vjits while uisenssin" sono m’ tfc’ to'olor; o' -'ncc 
In their ttieorjBtiecl anil practicr] nrrpoc:.;'. "'hey ^'ill ofri ' ^ly ho- 

nefit by the Mistakes of their op’p. onJ by o' r5tb.:L0s. 

Realising the odnertive values oi tn-.i tulciri'-l sysi'ris the 
Rinl-stry of adueution on the advice nf the University ildurr tion Co.'i- 
raission and the University Grantc CO'Vxission^is tryi'T; In oiicourayc 
tutorial system for fche undeiirrr.du;-'U's in Uolvorsities. I'hey t.ve 
also prepared to shore to some o'-'-.tenc the additlonrl G;cnenditure that 
the Universities will h?ve to incur in Ltiio Ueholf, ''h.G ' ntroductir- n 
of tutorinl assistance to Im-ivOT’sity students will convrioute CDi* the 
effectiveness of the University Education. 


Senimrs and Workshop Frectices for los t-C redua te a tiidcnj-,sj 


The tutorial is a device by wnicn a master vuides a 


novice 


whereas a seminar is a group activity in which mature ponpie en-'T-p-e 
themselves in joint discussioii on one or the ether topic cf r subject. 
One of the members of the group has to open the to Ic with bio thesis 
ana others will express their ooinio^^ on the various aspects of the 


subject freely^with the idea of stinulntlng discussion, clarifying issue; 
axrl arriving at the truth through their co-opera,tive effort. In one 
way, the matured experience anct intellect of the group are contributed 
to arrive at the truth. In this respect it forms the laboratory of 
a common sense exp-rimentsl approach to the solution of a problem. Hence 
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it fcniis psrb ol tbo post"-rrrdu.i? bo JTcse^j'c’o lochnif'UG, 'I’i Id iorh” 
niquQ ol stutly is an ArnGriori.'i contributi'"^n, Tt ts b co’rUT; .'OT»ii!lnr 
both in U Js, and in tho cnntinont'I countries, 
the popular study technique hor eupertr? \!hen t}icy ■ .not in .'"rouns 


-jYon n nd 'Ir, ^ ib f orra£ 


In fiddition to the sc'niiar'.v tocbnique, nnotho/ ;■> tivly Leehnlnue 

tnot -^is' coining into pructico is the o; orbs hnn 'noohcc. 'AjIs is found 

1 

to be R useful technique' to proYine citpcreicnoo in th'' ct'icol as¬ 
pects of the subject. Ss.'iinors ciyi ’■./orhshous rs i oslpprof uc te toch- 
niqui-'S qt; study may be introduc d ot the oost-gr: duo-to level for those 
tybo t:-'be up science problems for their rcson.-'^ci v;orl;. 

s 

Laboratory Diclpline for Science Students : 

One of the important aspects of University education is the 
development of a discipline nartlcnlnr to the course of studjr selected 
by the students. This discipline is best clevalo.' d tlirough a course 
of prontical work designed for the subject. This necessitates the 
availability of sultaible building facilities \/ith ur'^per fittings anci 
essential equipment. Science tecching and research in the basic 
sciences are recent Introduction in our Collea'os a'o ii'"i Ivor cities as 
such most of the laboratories v/erc built during this century. Uo foubt, 
laboratories \';ere built i>i the later part of the last centuries also, 
both in schools and in collepesj bub they vj-xq of ^ vory crude nature 
anuwfire throughly unsuited for moaern laboratory work. httonots have 
been made either to modernise the.i or alter them by the addition of 
more rooms, providing ventilation and Installing suitable fittin-s. 

Some of the modi-rn laboratories built by renuteh firms are however, 
well planned. It n^y be necessary on the part of the University Grants 
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Cowt'iissioJi to 'nr'.'*ntc i)T str.ndard dGs5.''‘ns !■ IjoT''. uoi'.l’-ij ii} cno iistryj 
tetany 5 zoology, physics, geology etc,, rte t'^ Misifyt urcn thn Uni¬ 
versities to iollow the designs ube'i ever they ’jiinertoke c c ns true t ion 
or Gxbension of laboratories under the 3cho-lO . 

Sclerjce teachers in the Iiniversity rnu ''.r-HofnM ''‘Uior; lly co!-'- 
plciin that they have no ridoquc'to GuwU.-'-ient. In rocent yo/ rs tlicrc is 
a steady increase in the nuoiber of stiV'Onto coi'-hr’ lo.-’ scicnet' oodi'Scs 
a net as such serious difficulty is being eivn'anbjrte f rcrnyiof' bnig, 
Ilodern sc.ience teaching anci research v'orl’ reci'ire not rierely goof 
building facility but also adequate : no even coot];’ oqulpiic nb. To 
facllitabe rosearch in the several b'sic scU''ces It is es-ential to 
provide ade.quate apparatus to Polloi’ nouar tenh-''lqucs ol' study. These 
apparatus^iare generally very costly bub the Universities and the College 
nhere provision is made for such studios^uill h ve to siv'ply them. 
Naturally they are required to have adequate cr''"it'lann 'la into nance 
grants for the -ournose. Most of t:ose nevjcr appar-tus and r.npliances 
are to be nurchased from outside and there cones the exchange diffi¬ 
culty. The Central Gov-irnmont therefore ^uill have to laUe adequate 
laboratory gran'ts to the Universities throuiJi tho.t» Grants Conmission 
and issue permits for purchssinr; tnose muarotus and annliances from 
foreign countries. In addition, there is an urgent need for starting 
a Central Laboratory v/orhshop to undertal'.e tlie imnufajbure ana supf.iy 
of the apparatus and appliances required for the laboratories of the 
Universities for the various departments of basic sciences. It is also 
necessary for each Sallege to 'laintnin a workshop for effecting certain 
repairs to apparatus ana appliances. 
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It .Is gretiiyinii to nets thr.t ia'rcc'jnt yo.”"s/rhQ Icaiivoroity 
Grants Gomiiiission hss come fon-;ard to oss-U-nt thr o;:!' :':j.berrl rbioixial 
rid, to improve the lobor&tory rn.c Uitios Cor m, Ih'j rnoctlc; 1 in¬ 

struction mors effective t.; the .tcieucc stivaepLc : nx. to :'rovire 'dQ- 
quate labors tor,’/ rocllitifcs ror the '.ost-qrr-bj; ;,c ru:;c"'rc'r stud loo, 

TL Is e.-^:pcetori that this aspect tli ■ 6enti,- t rositu/nicc ci Inpclu'th 
the U.G.C* scheme of anpoiutinr research sf’Tf y./ill oubst,'fit is j.ly 
improve tlr-^ position ana status of rost-praxlunte stuOies onu research 
in our Universities ana Colleges„ 

Trainad Research Personnel for the I';at..on.al Laboratories: 


In recent yoars tne Govorn>rjwnt of India has started a number 
of nafclonol laboratories ^^here scientists o!' high quality arc facili¬ 
tated to Gonsjuct rasesreh woiir as cpplicd to tho diffoi'Q'»t fields of 
human activities. Usually the research thet is undcrtid eu in the 
Universities snu Colleges are of a basic ty?>e inton’iod to advance the 
cause 0.1 Irnoulecge about the irture of man and the Univorse. In xhe 
nationo,! laboratories anu the higher tGchnologlcul instltues for .:o5t-- 
groduate studies^apolied or developmental research is unuGrtalien with 
tne idea of applying tne discoveries o-' our'' scioiioe to oefinlte ob- 
joctives of life. It Is by tnoar effort that on ineerlnr; unn tech¬ 
nology have advanced. But the sucecss rf those jnotitutions where 
applied science research activities are unuertaken,depends largely on 
the type of scientists and science research workers that ore traiiisd 
in the Universities ana Colleges, Ueturally,they will constantly 
watch for the Universities for a continuous suuply oi man-power highly 
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trs-inod in > undanjsntcii or basic science research. If the cruntry 
were to strengthen its national econotn;'' through progressive inriustriar* 
lisation those national laboratories v/ill have to function effectively 
in carrying/ on research work of applied ana aevelopoiental type. 

This furtner necessitates the WMJ'/irvf strengthening tiie science 
laboratories in our linlversiti^:,s ana Colleges. in a receiit repoxt, 
a Committee oX Educata.onists in Englam ^wnll^- investigating th^ 
position of Grammer school laboratories^expressed the v^ew that the 
defensive strength of the country and the strength of the national 
eoonorsy in the modern age, lie not in the factories or foot-ball fields 
but in the school laboratories. This realisation iixiicates the 
particular care we have to devote for a development of our laboratories 
in schools and colleges. Dr, Bhatnagar,the veterriAScientist^ of 
our country, once expressed the view that we have to depend upon Uni¬ 
versities for fundamental researches which are the source from which 
extraordinary applications are likely to emerge. Thus the science 
laboratories of the Universities and the Colleges will have to be 
treated as the fountain heads of pure research, essential for the 
development of applied or developmental research in the different 
national laboratories. Therefore the improvement of those labora¬ 
tories for the organisation of an effective research programme becomes 
all the more an essential part of the Universities and science colleges 
on the one hand^and the state and the central governments on the other. 

Financial Implications : 

The Scientific Man-Power committee in 1948^in their develop¬ 
mental plans for the improvement of higher scientific education and 
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research^proposed that the Central Government should provide an 
additional capital grant of P^. 494,735 lalzhs ancl a mairtenonce grant 
oi R'i 60,0806 lakhs per annum over and above v.’hat has already been 
provided by L.he Central and the State Governments. The capital 
grant was intended for construction, extension anl improvement of 
buildings, equipment and fittings where as bhe mninTenarice grant was 

for the purchase of additional apparatus and appliances as well as 

b 8 

for equining witl: chemicals ancl other imto'rials. Similar increase 

A 

from the pre-war maintenance grant of £ 3,66 lakhs to £ 10 lakhs was 

recommended to their Government by the Council of the Koyal Society 

q 

oi Science in London in 1946, The British Government was nlcased 
to consider the suggestion and trebled its prwvar recurring grant. 

This earnestness was due to its realisation of the fret that funda¬ 
mental research was essential for the country's all-round pro^’ress and 
that such a scheiiK! requires the improvenent and extension of University ' 
laboratory facilities. The Government of India res Using the inmort- 
ance of the above programme, has increased its capital and maintenace 
grants to the several Universities through the University Grants Com¬ 
mission under the encouragement to University Grants Commission Re¬ 
search scheme. This is clearly exhibited by the fact th t the out¬ 
lay of funds for the University education in the second five year plan 

was raised to R.-, 57 crores whereas it was only Fs 15 crores in the 

^ 10 

Tirst five year plan. These liberal grants from the Central Government 
will certainly go a long way in improving the existing laboratory faci- 
lities in different Universities^for Post-graduate research and^train- 
ing of research workers. 




- 50^1 - 


Laborat ories f or the Hewer Fields of Re searchj 


Though bhc subj'ect of science is clividot^ 'Uito a iiurr.bor of 
branches for purpose of academic convenience and systs'iif.tIc study it 
is to be remembered that there exist' no exact clividin: linos between 
Che different branches of science. a i.-bao the aror-o of two 

'branches overlan, fhls division is unnrtursl 'liico the b, now- 

ledge of the different bronchos of scien''‘e will, norma‘ly participate 
together in the happen^ings or the operctions of nature or in the 
affairs of man. Hence it .* s not unu.suol that t. chet'iist nir.y require 
certain knowledge for his studies from nhysics. This free, of co'/Uion 
knowledge v/here two bre.r^hes overlap is whet Is kno\,’n as the btorder- 
line science. 


The rapid growth of the knowlod^'o of science hos opened up 
newer fields of study. Aitiong them ^ the b’^ocler-line sciences like 
Biochemistry, Geochemistry, Geophysics, Mineralogicr'l Chemistry, 
Paleo 2 Dology, Paleobotany, Geophysics enn Astrophysics hrve opened 
up newer fields of study and research^ par tic u la rly because of their 
very useful economic and industrial iimllcations, Theseborder-line 
sciences are ultimately rela,vant to the six basic sciences,like Physics, 
Chemistry, Botany, Zoology, Geology and Astronomy. Hence the study 
of any border-line science requires the funanmental knowled'e of any 
two of the basic sciences. Therefore these border-line sciences as 
sub 1 sets either for study or for research,will have tc be introduced 
only at the post-graduate 

in the Universities, Hence our laboratory organi¬ 
sation and equipment as well as our basic science programmes at the 
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degree level ^should, "be perfected iDefore could thtril' rv Introducing 
the study oi horder-line scietices et the riost-grcduf tu level. As a 
result 0.1 our dfifficiencj'' with regard to the te' ching rnd Gnulpment 
standards In "basic sciences t'ne introduction nr.‘ tnoc-,^ novo r sciences 
has been delayed. Because of the mediful needs however, BiocbGi''iatry 
has I'ade some strides to been ne o nopular ST^b^oct of study in soue of 
our Universities, Except in a fev/ Universities E"‘nche istry is oori” 
sidered as a sub-demrtment in the ji,jdical hoi lego,offering fecilitios 
for the t^ost-graduate students to study for their Jjt'stor’s degree in 
Bio"Chemlstry. But the University Education Conraisslon of 1948 rea¬ 
lising the potentiality of the anr-lications of tnis science to human 
affairs, has expressed the view that -je must reco.gnise its status as a 
separate subject and should have seperate [;ost- 5 rrduate departments 
of Bio-chemistry in the Universities, Eollowing this suggestion 
attempts are being made to hsvc sepa.rotc Fost-gradur,' e departments of 
Bio-chornistry in most ' f the Universities, Other border-line sciences 
have yet to finu in our Universities their senarato and Ino.ependent 
status among the post graduate departments oi’ study. Sines thej^ are 
all newer developments in the field of science and have not been 
studied by the students in the degree course the post-grrduate depart¬ 
ments of border-line sciences should not restrict themselves to rnere 
research,but must undertake post graduate teaching work also. 

While attempts are being trade to start border-line science depart 
raents at the post-graduate level,it is necessary that the Universities 
will have to improve their standard of Instruction in basic sciences and 

/KMT 

their laboratory equipment on tte one hand,andhe state and Central 
Governments will>av^ tg give adequate capital and malntenaace grants 
to basic sc: 


; will adequate 

:ience$Jfe&twP«^ on the otter. 
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Need^to.JilQ ouraa-i 4 c; Haring B.1olor:lcrI otudiafl : 

Btological Science ente red into our school curriculum much 
later than the physical sciences could enter. i::lvun to-day ^In many 
states^schools te^ch only physics and chemistry as science, neglecting 
biological science, Even re it forms part of the curriculum it does 
not en^oy the same status as tl^e other tr'o sister branches of science. 
fi fo'w topics of animal and plant studios ’I’itn some topiof^ of human phy¬ 
siology, form the biological portion of the goner; 1 scionce course, 

Sven in the scheme of eijcaminotion it does not hove the some r 'lount of 
importance as the other tvjc branches of science, T'hic neyloct'-jd. state 
of affairs is mainly due to the sten-motherly trertnent given to this 
subject at the University level. {-ur Unlversitios t^.nrl C:iioges includ¬ 
ed Mology as a subject of study ai a much lat'r d te -han I’hysics an^ 
chemistry were included. Until v ry recently, binlo; v; s being taugut 
only upto the int rmediate or the undergraduate level in a number of 
universities and colleges. Only in a Dn'j Universiti'es »^rovision for 
post-graduate studies ana research ir-s made. It should be realised 
that biological science has made important contributions to our unaer- 
standing of ourselves am our enviornment, no one can overlook the 
fact that it has revolutionised our affairs with reg.-rd to foodjcloth- 
Ing,health, sanii-ation, agriculture, horticulture, ■’‘nduotrios, etc. 
Uaturally it claims a better place in our schools and colleges as a 
subject of liberal education. Hence it Is necessary to make better 
provision for its study at the post-graduate research levels. 

A 

Following the recomB©ndations made by the Secondary Education 
Commission of 1963,all states in India are trying to reorganise the 
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curriculum ol their secondary schools. In tho set-un cbe states 
ars ondoavourinjj to introduce a course oz' ' enoi'tol sciGiico liii uh'^ch 
hlolog’y enjoys tne status aS the other bronchos nf science. 

Physics and Gheraistry can no more uoniinate in the genersl science 
curriculum since it includes topics of all branches of science. After 
the introduction ol the three year degree course in the Universities 
the position of biological sciences seems to have improved tu some 
ex fce nt. 


Another important fact about the study of biological science 
at the University level^is that very little provision has been made 
for the study of a very important section of that subject, namely, 

Marine Biology. Of the thirty eight Universities only four or five 

ov 

are situated on very near the sea coast. Tho rest of the Universi- 

A 

ties are situated away from the sea and as such.it is difficult for 
them to include practical aspect of the marine biology. Bombay, 
Travancore. Madras and Calcutta Universities are situated on the sea 
coast and do have some facilities for teaching marine biology. Waltair 
v.'hich is very near the sea coast also enjoys the same facilities. But 
there is no proper provision even in those Universities,for Leaching 
this aspect of the subject. There is a marine q^quariurn at I'rivandrum 
and another at Bombay.^ There was another Aquarium in Madras which was 
taken over during the war time for mj litary rurposes, but it fens to 
resume work. But even there marine centres do not possess necessary 
equipment, collection boats, trawlers, nets, preservatlrn and supply 
schemes. Iw n.(io^ .cW/Ov &J: 

India has - Vast seas with full of animal and plant life. 

It is necessary to harness this natural resource iorthe social and econen 

- c 




rro^^ress oi' the comitry, yhls is ncDeUjle rvuy j::-lore the 

potGiitiPXicy of tbo !-''bove roGourco, TJnforlun''toly oyt of our Uii."- 

versities are situated Tar away froi'i the coast. Xhio hes ocessit&ted 
our Universities and oollef.cs to restrict Mioii- bi'a:j|lc^ X Gc-jen^-^o 
courses i:o the study or ctiuiials vn-. ol’.nts on the 1: ini ;ol ’Jn the fresh 
water. !'■ few of the Uni'/ersitios hoi’ov'.'r hrv". t‘-.aOe on e;:ouT’s5oii co 


sea coast for a we h or ton firys.o'j Milsorv Tr 

V I « 


f'r niyi 


‘ C I’/ *J T* S 

( tb 'wv. j. 


degree courses in zoology end hetrpy. hut this rro'/ish'o. is ;iot v"t 


ell adequate for a thorouyb ennlori t i n>' of tie life our a.r- 


V, 


the study of a good numher ni‘ mi'frino sns.-iMons is innludod in the 
courses of studies. The students will h; ve to srtls.fy tlienselves with 
the study of die preserved fir dead suGc.i-'-iEfns. This noturatly cuntiot 
enable theni to unoerstnnd either the nr tur® and sc no of the narine 
life or the potential hiological resourcos of ''■ur sea. An a result,we 
cannot horness that aspect of our naturrl resource ran to that extent,ij: 
will be an economic loss to the natjon. 'his sta’.o of affairs is di¬ 
rectly the result of our restricted study of bio logical science in the 
Universities and colleges niost of whicli are situated on the mainland. 

An effort on the pari, of our Universities and ''>lleges to 
t'lake provision for the effective study of m/rino biology as uart of the 
acadeniic course^will not merely cnr.ich their scientific teaching and 
research programmes but also lead on to the conmerclrl exploitation of 
the sea. This is all the more important when we are trying to achieve 
so If-.sufficiency in food since fish which forms the food of the majority 
of people of this country is available in plenty in the sea. Further, 
there are different types of large size raommals which sre of economic 
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importance, raidnt|;ftlg'ae oi the sea "'Jhlch is the source of ioiiltie and 
other chemicals oi a costly r\aturGjv'’re also to bf studied rr^l used for 
our ever-[;;;ro''!ing industries. Hence it hscomes a nrtboir.'l rrehlem to 
see that that provision and facilities e-^ist in our Universities and 
colleges for the study of .aarino b'ology, boLn at the undorfrFduatG anuod. 
the post-graduate levels of instruction. 


k Scheme for Imorovigg the Facilities for the study and 
Research in the Hie la of %rlne Bio lorr y. 

Efforts are being made from lS20,to inprovc the existln,'-; faci¬ 
lities for the study of marine biology by starting biologicri stations. 

It is only in 1945 that the Govern'’ient of India added n 'Fisheries 
Department’ to the idnlstry of Agriculture. This Department vos first 
located in Radras and now it has been shifted to "’anbr-pa i station in the 
East coast. It is hoped that this and other stations vijll serve as the 
institutions to provide facilities for Honours anu h.Sc. stuaents to 
study and get trained in the fife.rine Mological techniques. 

The Central Fisheries at Handepam ana those at Trivandrum, 

V] 

Bombay and should form the four centres to train the under¬ 

graduate and post-graduate stU'ents of biology of our Universities. 
Hewbnes can be organised at Ualtair and Culcutta. It is expected that 
such a training will have to be gWen to pass course students as v/ell, 
as Honours Courses are being abolished in all the Universities of India. 
But the pass course students amount to several thousands and as such 
it will be very difficult to provide all of them .facility in those 
stations. At least ,they can be tf-ken to the sea or the biolo|ical 
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stat 3 .ons 1.0 scquajnt thon^ with th© actno,! I'l'V’lfig-' con'iltj/^nn oy the 
marine lli'e. 


But the post-graduate students ox our univci’sitiGS and colleges 
VJlll have to go to the narine stations a no sluthi' the ntr'ine life? sys¬ 
tematically. Of cou:rSQ,the Unlvorsitiies ^ill hr vo ts la; o ohis study 
compulsory and resolve to take the worl: ■•one In this connection,as 
credit for the examination. Thus a sort of seriousness into the study 
is essential to be installed. 

The stations may maintain trained ??ersonnel on thoir slaff to 
teach the students of the Inland Universities, The staff of the Bio¬ 
logy departments of the four marine Universioies msy also have to parti¬ 
cipate in providing thoSE braining facilities for the ihland University 
students. It is also essential for eoch of the inland Universities 
to send some younger meinbors of thw staff of tbe_^ soology botany 

1 0 get training in the marine bioloyicrl techniqu0i,in any 
of these stations. 

The course of this training must extend over at least, four to six 
weeks anl should be made compulsory for all those stuuents who take up 
zoology or botany es their ma,inr subjects. Short excursions to those 
stations may however,be arranged for tlioso si.uuents vho bake botany or 
zoology as minor subjects. 'froininr; in the marine biological technique 
in ibs regular sense^is to be given to all post-graduate students of 
botany or zoology in addition to their studying the subject systematical: 
A regular scheme is to be prepared by the Central Marine Fisheries in 
consultation with the other imrlne stations and those inland universitie 
where there are post-graduate students in zoology and Botany. The 
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Study ard trL'ining of those studTits must b.. sr'jrcc'd over the i.’holG yoar 
according to a preoared plan of distribution of students t:' the cobove 
four centres. Boarding s^ud lodging facilities i croj. str!tion,for a^t 
least twenty pupils may have to he arra!;i:-Gd. The Inlfn- Universities 
will have to send their students according to the scliCMO of istr Ihu- 
tion programme prepared by the cent rrl Fisher ion at UanuGra.-, Bach 
University may send ona or two membors of the stuff t. irldc the stu¬ 
dents during their stay. But much oi die to- chin/ are. guifln:-: work 


is to be done by the special staff maintained by the centres. 


Tho 


staff of the local University departments i-my also co-operr. o in this 
training programme. 


This scheme involves additir.nal cost to tho Universities ana 
the Colleges. But it should be realis u th'd, die cost to be incurred 
in tnis behalfj is practically nothinp, when co .paret with the immense 
possibilities before the country. Hence ,the additional expenditure 

essential in this connection^ can bt; got ssnetioned by the Government, 
The University Gramms Commission may alsv sponsor a sche.TO to improve 
the study and research in marine biology. The additional cost to be 
incurred in tnis conn-jction^may shared by t he concerned Universities 
and the UniveiSsity Grants Commission. 


Developing our Marine supply Centres : 

It It. estimated the greater part of animal li*e aud a 

substantial proportion of plant ll^e are inhabiting in the sea. The 
study of Botany and Zoology or &iology includes the study a good many 
species of plants and animals that live in the sea. This necessitates 
all the schools, Universities and Colleges that are situated away from 
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the coast, to get a good lot ot marine specimens imported, A number oi‘ 
commercial stations are started in many countries to unuertoke this 
supply to the different parts oi the "worla, France has the largest 
number or marine stations. Britain has a number or marine stations at 
Plymouth, Port Brin, Nev; Castle and at other coastal towns. There are 
good marine stations at Murmansk, Varna, Sebastopol, and other coastal 
tovms^ The marine station at Moods Bole in U.d./'. -fs the biggest in the 
worla. The above centres in addition to the work. ot‘ sup’olying speci¬ 

mens to the laboratories of schools and colleges^ ser^e r.training cen¬ 
tres for marine biological studies and research work. They are genorall^i 
controlled either by the Universities or by the Gevarnnents. At present 
most of the marine specimens that are imported tc? the laboratories of 
Indian Universities, Colloges and schools are to be purchased from 

foreign marine stetions, as such, a good lot of -xnoy .is leaving India. 
Hence 

/In those days of exchange cUfficulties, it bucornGS all the more clear, th£ 
we have to develop our existing marine stations and start, newer ones to 
serve the double purpose of training our students in marine biology 
and the work of supplying' the marine specimens to the laboratories of 
the schools and colleges that are situated in the intt^rlor of the coun¬ 
try. The development of these stations not merely completes the pre¬ 
sent dfiffici&ency in the study of biological sciences in our Universities 
but ultimately^ also contributes for the strengtViening of oflr national 
economy to the extent it will enable us to harness the resources of the 
sea, 

Science in the Professional and Technical BducatJon i 

The application of the principles of science to the art of 
industry has led to the developnent of technology which along with 
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©nginsering,forms ths frams \jork within which tnc ncl.l'^’nal rcoMony oi’ 
any country will have to operate. So, It is reasonable to expect that 
the strength of the national economy oi‘ a counory depends upon the or¬ 
ganisation of industries on technical lines. Hence^all states will 
have to ensure that auitable rnan-povier is produced by the orgEni''''ation 
of a system of professional and Trcht'.icnl education. 


Profession^education is conceived as a crod'ess of prajjar^ng 
men. and women for exacting, responsible service in the pro"sssiona-l 
spirit. Profession?.! education may anrlied pL‘'i'■Qr?])l|[ to those pro¬ 
fessions that require well informed ond disciplined weight ax'" s’ ill of 
a high staiidard. The less exactlrg nreparat.l.on 'v-'y he termed ?s 
vocational or techfilcf'l education. Fren?ration for cwac^lnp service 
through a well-fliscinline'‘ scholarship and i.r* 1'wlnole f/ llv'-* and 
work in tho spirit nf processional st'-n!:rds,sl n 11 cntitla . n indivl- 
duc'l CO be considered as a i^eMbor of a nvofcissio re wms a time 

whon the western countries had y co; nised ''.nly throe pro''f^s-ions. l,e., 
theology, law ond medicine. Lat r on rrchi"’cctufi’ rno. en'.lnecTing 
came to be r ccognised as nrox'essions. To-day ? goo ' many of the other 
callings also dema-nd equally dicinlin d and .^r 1. rly training. Dentis¬ 
try, Journalism, teaching, librariansMp, forestry nnd nursing are 

tb 

yon rally considered as pro'os cions. But^-uist be rmmcnbcred that every 
calling in life is trying to demand ^oro cxactirr- S'^^rvlce with disci- 
plino, insight and skill and as su.-b all collin s are trying to emarpe 
out as modern prol'es -ions. Hence it becomes ^ifi’icult to associate 
the terra profession to onj" one celling. Bather it is gradually coming 
tc mean professional standards and attitudes. 
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The Prlncii-iles underlying Profes' io ne.I };aufu-tin 


Education for any ’nodern croicsoirn incui es not ‘’’orely the 
technical skill Fine disci; line onncctod ’■^ith the narti 'Ulr r calling but 
olSQ that aspect oi "'enercl education’.niicu ‘f n ^*nduso ■’'.'itc tne perso¬ 
nality oT the technician a sense oi sosoiol renpeno‘hil Ity, on a j c’cci- 
ation oi the social anc hiinan values auu rclal.'onshT -n ano r cl;sc:!''llned 
aov?or to see realities u:’chout prejuniee or blind loith. Tn anc \Jordy 
the edu atlon they receive sboula enable the I/’ set the I'littern of 
national liie. Hence the education of the nrofessicnal aen sbotidd be 
so organised as to give a ijerspective of the ’'’hole rrnble ' ”•!' his cro- 
fessicn both in its technical and in its human side. Technical slrill, 
method ana umerstanding can never ’JorV in the modern tine, a.s is*lated 


discipline but in a por''cctly human anu social sotfnng, 




The progress oi* mortem civilisation lorg' ly consists of^newer 
and newer processional standards in cenfamity wlrh the humn and social 
relations. For the well beifp: ol rnnkind the wrorress of civilisation 
should also ensure the progressive establishment of social recce and 
harmon^y. This cm be re?liS'''d only when :-'rofe 3 3 ionfil students are tau''r 
the humanistic, social ana basic science subjects in od<lition to the me- 
tnods of professional education. Hence it beconE-’s clear that -‘t is the 
responsibility of all those who are conctrno'* with nrot'essJonal education 
that adequate goneral education is imnnrted to those stuoents either befoi 
or along with the professional education, preferably the latter. It is 
our concern here to study those aspects of professional edu-ation as re¬ 
lated to the basic or applied sciences. 
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Uhyt f'ver nny b'; tiiG pi'0fG5S"'0'i for ■'jrj'-li *■!'* 1'j are trailed 

it is essential to ensure that the course rrcvluos a broad "uneral edu- 
cation. This Tncluries all those subjects that rocseso the cicporiences 
relevant to the opei-'stion oi that partloula.r jnaustr;-' in a binan auu 
social sottlng;,^-^ Amond those subjects it is needless to shrtc that the 
several basic sciences nlay n do'.’.irinnt rolo. Those brsic s.cienccs 
may include conrses in uhysics, chonistry, boV.^^v", z'ioln;:r on i re;./logy. 
iJearly ont‘ i'ourth oi’ the total '-orJod o'" tvr-irnng' ’n t; be sot syart 
for this aspect of the course. The selection an orn nisstl.nn of the 
tonics OI the basic sciences c_ veil rs the sti-roach to tiic tc''Ching of 
those topics should exhibit a libers ting acnde‘’ic atnos p)hii’'O an:* research 
ss veil as a clesr reelisstiou of the relation 'bo:'/ boor to thu parti¬ 
cular applied science on the one hand evid the vor]"lng sn grovph ox the 

ita- 

nrofession on the otuer. The amount of I n.oo'l d^e o.o v'cll as sto.ndara 
of achievement in the different sciences shr ulu be deter 'inoi' by cne 
requircraentis of the srino for the unoorstond.'ng of the tisrtioalor level 
of nrofessioml course. 


T he Th ree grades of Frofessiorg-1 Courses ano the liaturo of S cimee 
Courses both General arai Ar)nlieci,at oc^h ~f ihose levels t 

As indicated in the ecril.r r«igGs ev ry iniustry requires three 
types Oi man-power - skilled labourers, techtiicians nnu th^ technclogists 
or high grade engineers. The professions also are organised at three 
different levels. Prufesslonal education therefore^ needs tu b<> orga¬ 
nised at three different levels in cunforalty vitii the three different 
grades oi professional practice. Taking agriculture as an lllua,trativ© 
profession there is need for field workers, supervisors an^ speclaliuts 
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anu research ^lorkttrs. There are sporadic courses for trainiisg the 
first type of mn-po'wer both in gener: 1 educational Institutions ard. in 

separate agricultural institutions. Sirce the majority of agrjGUlturls- 

s ^ 

feel that they can pick up that amount or skill ard dlcipline by mere 
participation in the fiela v/ork^the first course has not become attrac¬ 
tive. The other tvio courses are intended to produce supervisors anu. 
technologists respectively. The institutions that offer courses for 
the above three types expect,different educatlcnai requirements on the 
part of the stuuents for adi'dssion. The instl fciitioas inLcnlod to nro- 
duce fleldrnan admit pupils with little r‘''nercl edu atianeX qua3ificatton. 
Those institutions that are intcMed to train supervisors or Sechnicians 


admit pupils after the school final ex:''u‘nation4. '’'he l.nird type 

institutions ad'^dt umergi’aduates an^ post prrduatG si'iia9n->“s. These 
three categories oL‘ institutions are In oxistcncf- with rec’/oct to aImiost 
all the prof^'sslons. In all cases basic sciciror, ore generally taught 
to provide general education on the one'hand an’ ’tovI' c rn ■jnsight 
Into bhe technical aspect of the profession cn the other. In addition 
to the above two courses 'hey ha e included In the courses of studies 


anplied scionce, both theorfeticcl an practicr’l. 


Every professional manure whatever order of urofession he may 
be trained, should study, in addition to those courses that dir'ctly inpaij|, 
professional discipline anl. standc.rds,certain aspect of science which is 'i 
ess-entlal for successful citizenship and certain oth r aspect of science ! 
wi Ich is rpeessary to enable the professionlist to understarsi 'he part ; 


the particular profession has played in the evolution of the humn clvi- , 
lisation. This aspect of science my ^studied as part of the history ana 


philosophy of the subject. 
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It IS a gonoral complaint t^ry^th-t In t: Liir "rar-^'orcMinc 
decij'ionG on problcns of social and industrial nr-turojtnu tochn''lo£:ists 
are not being coDSultcd. In trot it js the voico o' tlv rrllficians 
that is heard ovory uliore in ma.tters i’elrti.!d to irTPort'nt, doc is Ions 
Gven^filelds that involve technic;.! skill an'i operation. One Person 
that Is gonorally given for this sort of affajj's, is rhat the to.“hnxcians 
end techolo' ists aro specialists trained only in too narron technical 
aspect of the X'jorkjbut \^ithout adequate o::porien;fic regarding hoc/ the 
professions operate in a human end social etnas r,haro . Theuah this 

reason cannot be acccepted in'all cases it is not out of the nlace to 
state that our profossional men :*o roqui'(’G a broader education and a 
better knonledfb of the role .the particular industry or profession has 
nlnycd in shaping the present civilisation. This noecssitaios that 
every professional or vocrtlcn:! or o chiiicnl instituto ohcT'ld provide 
L' brood-based general oducation including a historic: 1 oo'.d a rhilosonhic 
perspectives of the particular profession. As mrt of thr t, CTitended 
course the folio'VJing aspects of science can be inclu'cd in the related 
basic and applied science courses; 


1. A broad-based general science course .ssential for every 
citizen of the industrial ago to enable him 

to live successfully. 

2, A brief history of development of the particnlar profession 
and the part played by science n bringing that profession 
to modern shape. 


The first course may eitter be completed before the candidate 
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seekp> ad miss lull to the r,rofGss tonal institu i: i-ns c r ,lt nv -:/ bo orovl'-iGd 
along i'7J-bh the protessioffi 1 coifssSj In. the ay-icss'''\n'-l Liisttijittons, 
The second course has lo he studied in close rolat.ton i,o Ihc- ’■rofes" 
siono-l coursejin che proTcss ional institutions il'cn.Si^lvcs, The stan¬ 
dard expected in these h-Jo cours-suni y.'^rye’lth i r-a yrade 

bo uhich the prorossional institutions ly Icnr. 


If our vjorlr'.rs in, ^h'' field, tecla'icla.pn,'"'' tochnhlogxs Is 
ucrc bn have such a hroad-hr.r-.ed educe.tion as Innicr-iod ahove it is ^'■os- 
sihlo that a new social order maj'' evolve. The tfc'i.-'ictrns and the 
tecnologists who are specialists in their own snhere will also have a 
clear ana thorough knowledge of the particuler atmosphere in which the 
human ana social aspect of the profession operates. In other words 
they will have a clear insight into the human and social implications 
of the profession. Such people will not merely demand but will certain- 
ly have a voice in shaping the professional and industrial future of the 
country . As a result of such an innovation into our educational and 
social life the politicians ard, sts'-esmen alone will not dominate in 
deciding the fete of the nation on the one hand, and the society can 
not blame the technicians for blindly working to the ggoistic interest 
of the politicians on the other. 


Noy we hove reached a sta^8,in the pro¬ 
gress of the industrial civilisation when the technicians and the tech¬ 
nologist should join the other leaders in the noble task of averting 
the threatened disast-.-r of human civilisation and to assu 'e that science 
and technology will not dance to the mere blood-thirsty and egoistic 
tunes of the politicians, det^^imintal to the broader Interest of man¬ 


kind. 
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CHAEL’i^R x;a 


Heed fnr a Jjifioctive Gcntrr 1 L-^rdorsl An 
for Scionco Sdu'^rticn , 

Education in Julia, haa ron.'r'nfd r.ur’jl.H c nc rr’. 

the advent of freedom the C'ntro no -■'’oubtj did bav?' : A' -'nriaent oi’ 


Education and a Conmiss Loner for Iducatruv 


f'ut ii.r 


0 'lurely to 


Golloet end publish reports regarding the ,u-'oc‘'‘ 03 c of c iunation In the 
d'ifforent sLotos. After tho davm of freedrvi -it Imo io-co'in i‘h ios'"on- 


sib-nib.v of hotn tho Centre and tho dtate to Irinr^h •' nor-, '-fdccl 


IVti 


►ut 


educational policy to drive^illitora.c3'' and to '•'•’opo.ro r!!; iynoi'ont. 
millions to participate succGSsfunjr in the uor^-in of Iho t;rn ir^cracy. 

This is clearly Incilcated by the fact that . sun oi" ICC croros VU'S 
■nrovirlerl by the Centre for the dovelonnont or Edu*''ti- , i;i th; first 
five yor.r plan, Furthor,tnis rrovis.on has be? n nearly oiujIc t 1n the 
secoivi five year plan. 

Though the Centre does not nish to mucrfcrc in th'- j-ioln oj. edU“ 
cation with the State Governments, it is increniny its into‘Pst in the 
education of tho pooule. In addition to the -rovioion of hup. amnunto£, 
for tates, it is mai.int:;inins exocutivn and t'^chnici'l ot'-.i.f to as^^ist the 
state governments to implement the nation'1 schonns ni ei.ti'nsion «*nd 
improvement of educational service. Here wo sec a rra'-’vlly dovi-Ioping 
relation between the Centre and the states. This relation is nor one 
of dictation but of guidance and assistance. The states are whole¬ 
heartedly welcoming the educatioml leadership of the dentre. This 
leadership of the Centre is one of technical and expert guidance on 
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educational -lUittere on tho one lunid nn'. iho finme','! rsoist.^inc' 
on tho other. 


Science is s cievelnr>3r!,'7 subject. Tts artin’o cr/ ■'"launt is 
cht-.nging .fioni da.^/ to day as a. i'osult O' ncuer Ci''’VGl''’^‘nonts In the 
field of basic resoarch. Fui-'ther, tbo concor't of tic sul.jrct., the 
curr,1cului^ the teaching techninuos and !:hc aids to trjfid, arc all sub¬ 
jected to Improvement sn' mooificatlou. Ilrnco it cloarly nr; ns that 
any educational syscom has to pay co'ijx’.ratIv^ly rroPtcsy (Oti'cntion and 
devote greater sum of noney for ensuring an ofCcctivo instructi nnl 
programme. But the states with their meagre Income end inadequate 
technical and academic staff naturallyjnay not bo able to nrovide 
such an efficient instructional programme in science in their jutis- 
dietJon. Hence,it becomes clear thet tho Centre \jill have to show 
greater and greater interest in the science cducatirnrl programmes in 
the states. This is nrimrrily,n':ccssary to ensuro that the future men 
am women of this country are rightly cCucated tct live in on age Oi' 
ever-growing scientific interest ani anuli-ation. Sccondlyj it is 
necessary to evince that interest to ensirc'e adequate nan-"o\jer at all 
levels,for the growing industries of the country on which depends the 
na,tion's economic success. Hence,it is Celt that the Central Ilinistry 
of Education should provide v more effective Icadershin and assistance 
to the States in this particular direction. Tho Centre» no doubt, is 
doing a good lot of work both independently and in partorship \^ith the 
States,to improve and extend the educational facilities. In the field 
of science tJfeseifc^ interest and effort should redouble on account of tho 
facts stated above* 
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The ^ducatloml lefdership or the Centre 
hy sll the states particularly in the follovinr; 


is e '■■erly cr'juitod 
^’iGlds Di hciencG 


Eduertioiis - 


i. 

ii. 

ill. 


AcqualntRDCQ \<jith 
Rcorieritptlon oi' 


the yro^'inf- verlth o"’ seienco 
science rrfqi’Cii'ics in tho school 


■i nf or nation; 


Improved eno. effective toachina iuch''iiiUOs; 


iv. Organisation of corrolr I? d activities; 

V, Guiclance to the teachers roya rainy the 'otjorn rOcCh 

to the Orgenisatien of Scjonce iT^'-yra ^"'os in tbe various 
grades of instruction; 

vi. Resources to purchase am ’'labc use cn. the ’lodern and U]'- 

to “date apmratus ano on-iHanc.s; 

~ / 


vli. 


Provision for te.chers to '^et tra-ned 
craft etc; 


in thy laboratory art^ 


vili. Facilities for the schools and '.ollegcs to malre use ol the 
community resources for iyorovin', anu vitt lisina science 
instruction; 


ix. The preparation of stendardised dchievment and diacnostic 
tests in science for aifferent regions, 
etc .5 etc. 


In addition to the present developme ital schem-^s, the Cencral 
i-Ilnistry of Education can move in the follouinc dir'^ctlons,thus provid. 
ing both impetus and positive guidance ana asnjstanee bo the states in 
their science educational programness 


1. A journal may be published both in English ano in to revievj 

the progress of scionce and conies may be sent to all the educations 
institutions and the State Departments of Education. 




5r?3 


2» Thots-uQs iiiciy bG rBCjUss'tGcl bo brln;- nub o cXTblov lu bbo 

regional Ir^nguage ana cooiGc. ’.■'pjj’ be lied free cost 5 to oil 
the oducational instimtions so tha" the tof nliors rnii lire educators 
raa.y be kept in touch iJith the progress oi 'h'io subji'ch. 

3, The Central Ministry oT i!i:lucation ;ray oubTinri " ''onlblv ’Jouriril 

or Science Teaching* boW; i,,i .'Inpiioh rn-‘ *n Mni';' h. ] n.t.o te 

the teachers to Iraov and adont nodjrji c ,)■ t.t ch ■la the tjcianoo 
Teaching. If the State CTOverniioiit ^ ’eel ;it noc-jss.* r, they ' say 
be pernitted to bi'ing oul the s'^'ho in Lhn rc'-hon; 1 lan:;r;. 'cs. 

4. Colleges of TG!ihnolo'''y nay be one our f'.ye a. in courS'-s in 


5, 


6 . 


* Laboratory Art Craft* to the science tc: chers jo cv'’'ry state. 

The Central Government may nrovide necessary financial assistance 
for the scheirje in addition to that x/hich^can be '?Kt out of the 
state budget. 

The Central Ministry of Mduca.tlon iiiay crg-rJ,so mu •‘rnhuct seminars 
more frequently at regional L vel on the teaching of scionce. It 
tnay even provide technical assistance to the states ii they to 

organise similar courses in various narts of the State. 

Activities, as in oliher subjects, vnill certainly „^nriB'u the teaching 
of science. The Central Government's scheme to run Scionce Clubs 
in the schools of the states is certsinl'/jr desire ,.le moVo in tnls 
direction. But the existing orovisDon is too inadequate. This i£ 
to be extended am improved. In this connection it is needless to 
state that the teachers genyrally require addltioml training. The 
Central Government may try to organise training courses for teachei 
in serviee^in the art of running 'Science Clubs',both at the state 
level ana at the national level. 
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7. The Central Government inrfiediatclv take ua tn.-i ■'.:ar', u.' sbartln;; 
'A Science Teachers' /iSEOciation' at Lb'j nct.'oe'-A l^va'.' ana recD.:';- 
niso it as the national co-ordinutinf*, haiy in T;he v.oi't ox toaclin^ 
science. StCttes nay also b'.j asked to stairt stabo ut.* ncL s to work 
in close contact ■^'Jitn the Coniirn.! ('rj^anioat .oo, ihi-rj 'ova ^n.ll 
certainly help to a greatt^'extent t- taeVl-; a p joa naaDci* oi pro*- 
hleus in the Tielcl anu thus help la strcfryir-ri scicni.o U;aching. 


8. The Centirai Govornrnent my assist the 3trit<;K botn yitr technical 

advice ana finan^-e tu start a library ai 'b"''eks in sclGnce, 

library oi science films a library/ ox anporotus anu ap'^liances, 

•■w 11^6 olijlftiol' AcaAoj^artey^i. 

9. The Centre may cry 'co get goax text^books vrxtten in hini„ tniu Englis* 

K 

for various grades an^ assist ta*- states lo rrepare the same in 
tue regiomi lungUo^ge. 

10, Accordinfc, ou chs n@w Bdueatxomi. set up that is already taking shape 

in the country^general science is. being introduced at primary 

school level. At present the Central Advisory Council for Secorxiar 

y 

Education is doing something to Improve science teaching as part of 
irs work. But there is no such organisation for the primary educa¬ 


tion, The Central Ministry my consiaer the question oi starting 

an 'All India Council for Primary Education' also. This may provid 

e- 

a good lot of technical assistance to the teachers of the primary 
schools to wnom the sub;ject is new,both in its contents and in its 
raetnods of approach. 


It is dear that the Union Covernn^nt can provide a more effective 
and fruiiful leadership in the field of science Bducation. This leader¬ 
ship will not merely embl® the status to have more eff etive science 
programmes in tiaeir schools and colle-os but also ensure the supoly of 
suitable candidates for the professional ana chnological courses the 

success or which forms the frame-work of our mticnal economy. 


3tc 
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CRAri’~a r:TT 


Strenpthoniiy- Solsnco Ruu."c.t‘cn . 


An attenint has been naoe in Ibo Tctc ''’In": ’"‘i.'.'vs tr.' 

study the trends in the differont frees of no-' oi’n •? fc'rn r-s cb- 
sorvod in sone of b'nn nro^rcsslv'. coun'^rics of tl.j mrlf, fhonyh 
those trends cannot he InpLfimenbod o.s such -5-1 Indin’"' luV’orls and 
CollQgoSjS kno''';lodge of those trends i;1Il give us o jrisr’yht inio 
many of our oun nrohloms in the field of sc!,Tnco odu'''rt.lon and enable 
to solve in tho besb poss'.hiG tro various trends have been 

considerod in this book in all their aspects au'i portaculoriy as to 
which of them and to v/h?t extent and Intrlirt for i can bo iniplsmented 
in our schools and colleges. 


Like an;^’' other subject of generol educe,tion science in- 

OA 

struction is being orgenised^a continuous nr’tgranma from the primary 
to tns adult education stage, Lvery progressive country has so 
planned science education thot at every stage in tho li e of the in¬ 
dividual, there will be some definite facility for science education, 
keeping the above fact in view,tho observed trends have been considered 
in relation to tho followir^ stages of science educations- 

i. Prlroary kdu'Xition. 
li. Secondarv Sducation 
iii. University Education 
iv. Professional and Technical Education. 

V. Social Education, 
vl. Teacher Education. 

The observed trends have been critically revievjod and considered 
in the light o.l the particular culture pattern and environment in which 
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our instifcuioJis have to x'oriv, Sucu oi' toro' 'v’’ "'ch ' ‘"C ro"’'ll3?' 

progressive In nature am ^inich ceu bu inrig^nontoci h' ’-■ur iris'citiri4ns 
are listec] belo^'v. Horjever there js ro'"'>i for aC.r;‘t’'n:' th se sug¬ 
gestions to the particular envirennsnt in ijuicn t\r 3 schep]a of the 
different parts of this vast cnun'cry hove to vorJ:* fbo supr ustiens 
for p'urrosG of convenience arc groiipc-Q me r tbo f'bov si:c hci’dliags, 

i. Science Sdueation at the j^rimi-r^r Scbo-1 love Is 


The need for providing the niiniuun ^f'Gqrr’rMonfc of functional 
understanding of comnon concepts and rriiiciplGo oi science and th- 
ability to appreciate the role oi science In our individual and. 
social life my be recognised as an in-ortrnt ob; 3 v.;ctivo of pri¬ 
mary education^as specif icoily as is recognise., in the bn sic 
educat ’■ on scho me . 

2, k functional course of sef nco nay be itv.luded in the prirnry 
schools in the place of the c.nistim' liature fcu.i.y o’l :lcb h" s beon 
proved tiirougnly inadequate for a noaern child. 

3, Since the majority of pupils in Tndir. discontinue their oducation 
at the end of the primary school,cv:ry ofCort ma.y bo made to evolve 
a really effective science programme at that lovol so that they may¬ 
be enabled to live successfully in an ago of rooldly growling scien¬ 
tific and Industrial civilisation. 

4, It is necessary to make the primary school scicncj mostly en 
activity programme. This necessitates a science room for every 
primary school. But it is a very costly crograiame to unuertake. 
But yet it is essential. A simple science room with the ralniraura 
apparatus and appliances may be provided to all the primary schools 
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b/ thn . ontro 


teacht^rs spec Lai rt'-or:'untat;i on cr)urn"S "'■r,' fc*.: ox"'; rj.ii jri 'n ■ ach 

Cl.r»dL 

state at convenjunt^cUstinc L levo3.r, to 'cf' ■ Port "n tie 

CDpi-Giits ano. the 'TietPodolof^y ot rx’'inri,'} 7 ’' 3 C:'''iol scion”'-'. 

6, SuibablG hendbook-s for toschci''s bu Tjr ''od *-Jv" ^iUblislv-d by 

i 

the deparLmonts of Eduea.ti'on thus rssisbl’i.. Lho lo-'ch 
7« Refresher courses p^riy by oro nisvd In cve’py Riyu ccl'a'-il an*.; 
Training Colleges tn nrovide ^ncressod tr? hnjn;' faclliti'. s for 


teachers who are in service to equip the asoI ves 7;:’th tho necessary 
experience to teach the new subject in thoir schools. 

C. In the unaergraduate training JnstirntionsSothous ’•^f tooci: ing 
Science’may be included as a subject o."' study ins earl ol'metuods 
of teaching /dature p'tudy! 

I 

9. In the undergraduate training Insti'LUUions ti-io teachers unuer 

training may be given training in laboratory artcraft, 

10, Primary school science programme may be recornised as the founda¬ 
tion for the production of scientists, rcisoorch workers, tec. nl- 
cians anu technologists ^hose servic-.-s arc so ogsenoial to build 


tns nations industries anaeconnmy. 


11. The country nay realise th«? iraportrnce of locating scljnce t- lents 
among the irclmary school chilaren ana try to snonsor a scheme for 
conserving science talents, 

12. The Central Ministry of Education may organise Extension service 
departments11 over the country to co-ordinate anu improve the 
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stcindo-PcI 0-' 'iistpuctiiot] j.o i-‘no3'-'’'L r'liv' Llio i r)C '‘j;ico in 

por fc LGU.l&i,p, This schGr''G f'U-’.'v prj 01’” 'ixs.c ii' ; 'j Ijjic (is 
the do'oartMGtits or iiJxtcnsion sorvi-io rj-j r"’ 

0dueafelon. 


] Is i' 0 1 or s e c f' na'' r j 


^ • Science xiducgtlon at the oocnnCury acl-rX !ir£_ 1 s 

12Ca) Tho present rostn'etod course "i’ oonr'ulsrr:; scionoe in secon¬ 
dary schools Including onl;=,' nhysj-cs can nhj,-‘istiy or ■■"hysical 
sclG)T3e with a little of bioloty or hiv.r.n lysiolopy T-.^y isldEK bs 
replaced by a wider ceurr-i ot gen-'i-u ceijnee -.ri ioh jay include 
topics freely dravm fron all branches of science. 

13. The basic syllabus in gcncrcl science joy be ado.nted t-^ the 

vary'n^i; ability of nunils eitlv.'r hy Incrersjn” rr doc/’easj 'tij the 
depth of tho subject^study,. To facilii-.f fen this adrptot-’on there 
is need for oroviding jOriportunlties to the cbJldren. to bice up 
GxaninatDons that are designed to nersui*^ difforciit stonuardo 
ot Exhiovement. Thore^the schrio-lo ?.yy bt^ r llc3\'7Gd freedon in 
the choice of selecting the ex" oinrtio-u Boards. There is need 
for organising several e:x;am: ning Bocrds with differing enphasis 
and standards. 

Specialisation in science niay conr;ienco froo the 9th grade or the 
14th year of age. The course cf science intended for spocla- 
llsation »ed not be narrow fron the beninninc. Rather it nust 
be s broad course including combinations of as imny branches of 
science^ as possible. 

The size of the science class for purnose of instraction^may be 
reduced to twenty-five or thirty so that it imy be possible to 


14. 


15 , 
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16, 


17, 


. 8 . 


19 


20 . 


21. 


provI cIg xnliviO.ucvX c’tLRBli.C'ri, crto "i^, iics 

cbildror in tho clnss. 

ScioncQ les'- 3 ons !®y "bo sprerd over dooLle por Io.'lS , Irci'^ itr.ti ng 
to coMbino theory and nrtciicM uor'-. oho Hr at li '11 ol the 

period may be devoted for activities or 'i;;crr'irncnto ano the oocor 

-d 

half fur the thoorfitical . ovclopmo-ii- ;>i’ th,'‘ tr-elfi. 

Pupils i'/ho arc bccl:\'jard in oci nee m.y be ire-it i r'j'-,! f’ni tnoii' 
specific i/Gal.ncssos may be diepQ''i^'bQ(! by f 1 ir'r;oootjc 

tests. This nay bo folla-?ed by rer,-?di.‘"l ^c'.c; i^v ■ by on'd-oyltif: 
suitablo technique. 

Pupils nay bo proper I-- guided in the i:orb of trl'ino clcoss notes 
in the early stages of the soconu'i’y o''*-''cl 5 so thr.t they "lay be 
able to take do^r notes in the vtcr Dbayos J boout Ibo tc'chv>ro' 
assistance. iuni! 
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A common laboratory npy be dco'''*nod onu oouifor to-cb.bng 
general science. This racy serve tiic qur-'O e of both lecture 
demonstration ard practice i vork. Soprret Itboratories hou- 
ever rmy be required for the t:uy5l3' pract.1nr ] nork with regards 
to the elective subjects. 

StrtG dopartraents of education i^'cy pet up conv., nn'c ..t aesigns 
and plans for the secondary sebo!.! sci- nt; > Irborntorioo and 
whereever school buildings are c nstracted the strrdord designs 
may be follox-/od. 

Standardised aptitude tests raay be constructed in eo.ch of the 
regional languages to predict pupils' succoss in the subject. 




- 530 ™ 


On th© basis of ths results oi 1:^1 s'cs conbinod 

with the tGschGrs’ estimate, pupils ;rn b,, pulhoi ta '-oleet sci^ncf 

P.s an elective subject. This scheme na^ else serve lie rur’^ns© 

oi identifying pui 11s gifted ^oit 5ci'"*ncr' eclueetjon.. iravlsion 

SUit-?JlQ 

jUciy OG rikiCiG to 'orovirlo the ' v/i.ti'i/nnvforti^t'itt^os t'p ' to coiisoi’vc 
such talents and Interesbs in science. 

22, As far as possible,general sciencj fnr over/ clasr; 'n the scbcol, 
may bo taught in one method f'S ono ou’oh ci.. 7o ficllitrba the 
sciencG teachers to acquaint th/"',~nlvoG v'ti rh-r nO'''or pcrects of 
the Gon.tsnt slu.©, rofrosher cource.s may Ir; org' nisc-hi b'" i.ho 
University departments of science. 

The teachers may hace ©n off nor'ca bjforc every scrh.iic } class to 
facilitate thorn to set un orparatus^ rn.' i-':liances for tlio class. 
This can bo done wit nut mucli affectin," ',hc ^;enGraJ scheip.o of vqtI 
The syllabus in the scicnco courses w y be 1: n-/t. up“to-dri.c by 
periodical revision. Sufficient ano' siiitr hlo rctivitlas may be 
included to enrich tnc scisneo course. 


23. 


0/1 


25. Science beinj: a ranidly grou’ing subjoe L ife is possible to include 
in the syllabus only the essential asoects of the subject, Yet 
the punils will have to hnov? a lot of other aspects r' sci.nca. 
This aspect of the background hnowledpe in ocloncc nay b- pro¬ 
vided through suit'bly organised courses of* radio |w>di 
education. 

26. The various community resourcas whore the aoplicrtion njid impact 
of science can be observed roay be made use of to help th" nupils ti 
understand how science is being used in the task of inproving hum; 
affairs ana in eontroling nature to tiie needs of man. 




/'O-l 

O U. 


27, 


I j' j, 
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32 


Pupils mpj’ bo cncourrpsl tr cr-:rnis''' rr.-r' n* ; Irb.- .1", p'It.'oIs 
thus nrovldini: opportunilius to on.’r-’ ; .S', Iv--. • -rD.r rtil '* Ic 

cG tiVXtH-Ob on. tiOG OilO LiG G-U to '!rr''’’otGt tli .'G't P! ■'0 'r'ts 

thi'‘CiU'fh tno '?Gvelop’viont o^' sci-’ntlfi" ho 1''i'’;;. 
oGi3n,G' cIt'Ssgs '”^"'5' bo insooctofl ''■ !,h''' ilnspo so 


tl'Pt tlr^ terchor tnay hr v. th'j be no' 


I, I 


; i' i f V ' PC 


iiiO 


: loif' ■' 1 (_> ■O'Jn'’’S 

I'it'-' rce,'Unt 
'■■'i.Ptir' . 


aixl p,uid!?-nce to lourovc' hin -nor'' , 

tcvtS 

Nov.' type^pc’.y bo inclndon boih Jn t-i ■ ro', l.t .i; ' 
public orroGinc tions. Pu, lls* cl-i rs o;( u: ■ 

(re- 

'Tiay e’?aluatcfi ana the o;srbs ebt? 'no'' -• ■ bo 

1 'hiile decirlliii; theia oro'ot:?!'*! c.r o/ss bi the 'o: 

Toccbors I'lay hove frccion to tercl the '■ubj''ct :v' 'heir -'ua v<i-; go 
ths-t thcr. nay be scope Ter ■.''ipor^ncnrat'on on.*' n soatet. 

Closer co~opori-hion ’iV'y bo es*t>'1 IgIiC'-” botT’oer, tb ; hiij sct'-ol 
science teach'cra ana the v; rlouc f:ci.'’n>-’e r j-c r-’' orto ‘,1’ the 
University on the one hc^xi en.-: the chora '"'r; ‘ 'in C'lleytjs on. 
the other. This vjill help the sci'nee teaohori to ccqucirit them¬ 
selves with the newer developments in he cantjnts rnd in. the 
me thodr. loyy of the subject. 

While prescribing the syllabus for the s comrry scbovl certi¬ 
ficate examination the scionca teachers as veil cs the TTnivorslty 
ropresentati^tosfrom Uv: vorious Pcnurt.-iento o’' 3cirnc..^mcy bo 
included 4n the committee W^ ^ 


iii* Science Education at the University Level ; 

34. General Science may be included in the courses o.t‘ studies at the 

degree level as one of the major subjects with a vievi to turn, ent 
prospective teachers who can handle ganoral scicjtne in the secon¬ 
dary schools. 
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35o A GoursG ot g^’norcl scic'iic''. ■?;; pripi; o.'' ■ n'Jrr : ,-i M" 'rti'iGn wy Idg 

lnclU(?ocl for all those non-scieoco co.'cif Its t;; rt tbL- clor^ree liivel 
wnth 0, vioi’j to '"'labo thori noro ociontiCxCs 
?6. The exiistlnf! different scienoe cnursen for the ociuncG specie lists 
'lay he enriched hy the inclusion of sotc tc , ie of scio'me of n 
gencrel nature to oneblo sni'.’noa suoc ir'1 lot to un'icratr 4 '] rnci 


appreciate the human Gnclcfv:ur unex rlyi t'" i"’'o dev'l'''p»>ieni as nell 
8S its methodology anci tho role it hf's ''la.ycu in Itn nvnlution of 


human civilisation. 

37, The study of science either an a Giihjfct C'* ontr ] cdu'-rtion or 
as an item to enrich and broaden the narrow; '’icl''i rd' npeclalisa- 
tion^may extend over the p:Port'r part o' Ihe dey^’oe course. 

38, The present lecture method of teaching sci'jnce ■’'n the dof,reo 
classes me’* be adapted to so^ic oxt"nt at lorstj-'n th- c^tIv yerrs 
of tho course, vith provision, for interrocotlnn tho cU'''ll3 and 
even permitting then to ash questions v’ncroevor they find It 
difficult to follow, so ttet there nry be an on.sy transition from 
tho secondary school science teaching technicuie to the College 
technique of teaching science. 

39. Science students at the degree level nay be assisted in their 
study by a well planned system of tutorial Instruction. Students 
may be asked to go for tutori-il classes in small groups of 

five to six. 

40. At the post-graduate level better attention may bo paid not only 
to organise research in the sovcrol basic sciences-but also to 
train them in th® methodology of 'tesic scienc© research. 

Seminars and workshops mj bo organised as »w©r techniques of 
studying at the rcs-^arch l-vol^ particularly while studying 


41 . 
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42 


43 


f_} c 


Drobleais thr't nOmit such tochnnqufts. 

J,he @xistin?'", tnar^ ti 'e Univorsitiijs of hV'i org*'nisc 

Gfintros ioi' the study of r^iorino biolc^oy, 'or’nO'rlM 
embryolo£,y ajxi marine phisiology, <Tr\^ vno*^ dw<^anij£<|. 

Sneoic'l short tori" courses for the bnivrsity coieu..-t! loctursfi 
may bo organised in the nuritiiriG llniv-:irsiti«js t.i trrlr. tbs staff 
moiiibcrs of ttie departments of biolorr'- of the o'-vovrl 1alr-nl 
Universities. 


4<!. Courses in biologic? 1 sciences at the dogreo level may be enriched 
by including more tonics of marine li.o. Che study rf marine 
bio lory in one or the other msrin>^ biologic'’1 contv. s for one 
month may be rasde comnulsory for all stments of biological sconces, 

45. In view of the increasing role semo of the border-line sciences 
have commenced to ploy in the sociri on.i econo’iic life ol the 
nation, better provision may be made t' org '’’ice study Uiiu re¬ 
search prugrammes at the oost-yraduste level in the case of seV' rail 

border-line sciences. 

46. In view of the rapid increase in the nu'^ib^.r o: stuuents tajolng up 
science courses in the Universitius an'' in view of the unsatis¬ 
factory standard of achievement in science subjects in the degree 
course,science departments may be bettor staffed ana thy science 
laboratories may be bettor equlaned. 

47. The University Grants Commission may keep ready standard labora- 

U^Ovi 

tory plans and designs, ana while extefiiing grant, my Insist tv 
Universities to conform to ohu standard desigr© and plans so that 
proper provision my bo onsui^ed foo- 'Idle stuuents practical work 
anu. post-graduate studies ana research woslk. 
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SGlance In Profesainnal iSducati; 


A fi 


48. In LicLcllti ion to the roio-toci TX’sic 'joc! ‘-.nXi 'j' oci''nc‘r, ''rovi sion 
f'.By bo I'lade in the different nrofess'on; 1 rr'^ iij.?,- i, '‘tistl- 
tntiorivS to rrovide adequalos iiorr.l efUvr tj''■n in ooi,- I'-cn s 
is found necessar;^ Per all the n:fc-ir ns rui the fcfnf'iO' Ir-rists 
os they brvo not' inereTy to ■'.jor'’' in 'I't.ojr ' p*.’’ ji.r'''-' } "p' ■’nttus- 
trlcl field, but also to rart IcJ 10 1.‘ ffccti-'. 3, :n oho ?nt' the 


future OL the industrial civiljantir.n, 
techholop'y. 

Uith & view to devulon ovoroll "■rinc'• I- 


or sod Cl , -ic.jovno .'uid 


'1;! los’ 'Ohy f ii'ionf, 


technicians and tecbnnlcrists who hove to l-ibihc thcrr-isolV' 3 S ojith 
a sense ot‘ social responsrib^lito.n ru’^reejatio’' 00 social 
values and relationships and ’-iscl;.iinfict non^’r*: to see roaliiiss 
v/ith out prejudice or blind j^oith, 0 course ct *■ nera' science 
with topics that decl with the ■-■art tie ''articular croressior, or 
industry has played in Shapinr; the bnroan clvl lisa Lion '(*ay ho ir.- 
cluded. This course may be co fr^’ned ^ns to ^>rini out the 
historical perspective of the porticulor profession in shar.ing 
our civilisation. This perspective ohoulf be in its turn to 
develop in their mind the ovorjrll principl-s an' philosophy 
essential to reorient the operations of the profession such ns 
to proMcSite and to guarantee the welfaro oL iir^nklol in the present 


and the future. 

60. Closer relation roay be established between the post-graduate 

sections of the professional institutions md the several post 
graduate science departments of the Universities to facilitate 

fruitful research work In the field of applied science and techo- 
nology. 




- 536 - 


Science in Social Bducatioh. 


532 . 


52 


53 . 

51 , 


55 . 


56 . 


All th© recognised cind earning rdnlt; ■■ir srcir ] cducction 

institutions in the country w-y be rsbcn to “'nclu o seme asnncts 
of general science in their pro' ror.rie. They : c'■ b'-^ further 
insisted tc see that the other '^tems of their eduooticnal oro*- 
gratae \?ill not be directed to inhibit the growth rh' the spirit 
and outlook of science. 

The Adult Education Cosimittee which Is one of tl o uing'^ of the 
Central Advisory Board of Educatiouj i.-ey trk^ u., r.ho work of 
co-ordinating the progranues of the '^rarr'ous orfuniset.ions engaged 
in Adult and Social Education in suet; o way as to unsure the 
Inclusion of general science in their ’'■rot-rsroriesairl to see that1fi«* 
other pro,cra'a>r( 0 s will not ■inhibit the rjrovjth of scientific spirit 
and outlook araonc the peoole. 

The Central ministry of Education 'cey preraro a standerd course o: 
reneral science for the different levels r; social education. 
Suitable literature in generrl science my bo prepared by the 
States in their respective regional Icrnguaies tr popularise scienc 
among the adults. 

The states v/ith the assitance of the Centre^ nay organise parti¬ 
cularly in the rural area ^science sclrnce e:chl\yitions and 

science film-shov/s to promote understanding omong the adult mass 
the importance and the role of science In the present d&y living. 
Excursions may be organised by tto agencies of adult and social 
education to places of scientific anu. teiustrial cencorns to de¬ 
velop In the minds of the adults an appreciation of science as 
well as the work of scientists. 
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57. In add.itjon to the literary rncdiun oi' ''nGtriict^oii tar: other 

modern media lilia rad-o, films 5 e'^hibltior,, dejHDns- 

trations and displays etc., may also be e'''i''.If'ye “ in orovi'lng 
science education to the adults, 

5S, The States as well as the dontre irr.y encnurar'c nG’'‘/spap- rs, 

journals and periodicals to include topics oj. run> ra.l scibnee. 
Prizes may be instituted for tho'-c papa rs that bo'it serve the 
cause of science education, at different levels, 

5f. The several state ana control f.lepsrtif^nxs ci' public utility ^hesjb' 
make use oi science for the benefit of the nerpio may be requested 
now anc then^to popularise how science is be ‘ i-ade liriO basis Oi 
their work. They may also bo asked to "distribute suitable li¬ 
terature., thus contributing" to the education of the people in 
general science, 

60. The recently started Community Proj^'ct Centres mf\y try to include 
in their programme some aspects Oi inpartinp "encral science asTKa.; 
means to wipe out superstititijks anon'' the unsophisticated villagers 
and to develop a scientific outlook. They nay also trjr to 
popularise scientific habits and ways of living. 

61. Libraries intended for the general education of the adults may 
be equipped with good books v/ritten in the refionai languages to 
popularise science. 

62. Lectures ana lecture courses in science may be orgrnised irtxdif¬ 
ferent parts of the country according to a prepared ulan for the 
benefit of adults. They may be designed in three different 
standards to suit the ^classes of adults, mmlj ^ the newly made- 
literates, the literates ana the educated adults. These lectures 
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may "bo ort>;anisecl "by th^i otai'.e dcpnri ncn.'s 's' &'itv*" tj.o'i, tiii" stnte 
aduX't ©d.uc©tion orgsuisationsj tb© Cojr'ur'ity C'C C,^n’'’rG5>€4c. 
The Central ana State ’Ministries of sau.-;at:i on as ’jull as i;.he 
University departments oi sci(;nae may o'^nnsor aiiii assist the 
scheme or science lectures an'.' lecture coui’ses u1 ih t jchnical 
exports ancl financial eM. 


Vi. Science in Teacher Education . 

RSOdGAT'ITiATjOMv' OR T:’A''i:ILICr i. uLRl'o LC ;.' AT TS 
hOST-GRiiDuiTli. run VU,, ipi r,R-G'.llUUAVn 

LSTSIo I 

A. At the Post-Graduate College Level: 

63. The Science riKthodolor'y in the Teachers' Colic os iiey include 

1. The actual stixly of te?china various t. pics of sciencei 

2. The preparation for the teoctinf; U'lits b Individual 

trainees follovjed by discussion of th.j s-tju by the 
groue 5 ana 

3. Tutorial work on the methods of tenoning. 

64. Provision may be made in the Training Colle-'es for the trainees 
to get experience in the laboratory ert-crart as a compulsory- 
aspect of the training course. To Tacilitate tais item^the 
Colleges may be equipped with suitahle Ifboratory fncilitios, 

65. Particular attention nay be paid by the Teachers' Colleges to 
provide the trainees>ith the practical experience of preparing 
various teaching aids and in the micropreparation techniques. 

66. At the post-graduate level, Diploma in Teaching Sciejxe may be 
instituted after the B,Ed.Course, Diploma holaers will be better 
fitted to teach science than Bachelors or Masters of Education, 
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67. 


Block practice of 
introduced on the 
perienee necessary 


beachlnf, Ptleast for t:' t’.’:; \jGukSp 'Bay he 
practical siue^ l-o urovido all a'ipcct.s of ex- 
fur a science teacher. 


Greater weightege in terms ox mar^'ing rxiy bo given In ih« 

Examination fur tne practical siue ox vjork ouno dnrxiio xue 

Course, by Pupili^VecuJk^a ■ 

B. kt tneUnaer-Graduate Teachers' Trainjn,^ Level: 

68, Thu present perxoa oi one year fOx training terch^rs lui tha 

primary schools m.y bt ln--reased to tvio years atleast anu. thw 

kt 

coursesmay^reorf^anised to suiu the tw year^ training course. 

At present, there is no provision for teachers to study 
the subject proper in the Training Colleges, except In those meant for 
the training of 'Vernacular Teachers'. It Is essential to devote 
the second year of the Training Colleres mainly for studying some or 
the school subjects to be taught, to an advanced level, Thds will 
also help the teachers to equip themselves with academic experience 
so that they may be able to work as effective teachers even in the 
upper classes of the primary schools. 


69. Better facilities may be provided to train teachers in organising 
science clubs, excursions, field trips ana In the work of pre¬ 
paring some of the simple aids for the demonstration of experiment! 

70. Lectures may be organised to enable them to understrnd the pro¬ 
gress of science. 

71. Adequate provision for the Irieerviae tralninc of teachers my 

The Bigh schools atisi Trsining Colleges, may try to 


also be made, 
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start short period. scienGo courses Tor lii';' ’benefit or terchers 
in the prink .ry schools. If ap '/ll Judis Connp?,! for Irimary 
iiiducation is to be started, it rr.y be nossiblc for tlv-j: Council 
to urovide tralninr; facilities to tc’chers in urin’Cir'.'" schools. 

7S, Teachers* Golles'cs training terchers at the '.os b-gradua i,e level, 
may try to start certificate courses in scietico tcochin;,, At 
present, ^tr'Ster's Degree in Iiiduca.tion r.lsc ';rovi'e opportunity 
for studying one subject or the teac’nin)' of one siiojoct to a 
CO'Uparatively deeper level. But f’rc n.ur?ibo.r of teach'^ ro ta’ ing 
this course is very siriall. Boroly a te'chor selects tenc Iny of 
science as 0 subject for his Master's Degree A:;:''''"li nation , More¬ 
over, this course extends over a ror'of. o.' one or tP'O years and 
hence does not encourage ^lany teachers bo t? ke the course. 
Further, adinission facilities in the Universities for ’'asters' 
rBigree course are also li-Tilted. 

If Diploms- and Certificate ccursos lz‘‘j started particularly 
in the Teaching of Science, a good number oJ terchers con iOgister 
the.mselves either as full-time students or as part-tin® evening stu¬ 
dents. Hence the trained teachers can Increase their capacity as 
science teachers if such ^ courses csbse instituted in all the post¬ 
graduate Teachers' Colleges, 

A teacher ir/ith a diploma or a certificate In Sclonco Teaclilnfr. 

"*’ A 

will certainly prove a better science teacher than a sci'.;nc6 teacher 
with aB.Fd. or B.T., or L.T, degree. 

C, Heed for Providing increased Training facilities for 
Teachers in Service 

73. Science teaching techniques are fast chaning along with the 
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progress of educational theory anfl practice. In d to 

this the nature of science contents js also chan"'jn:’’ as a result 
of research studies in the field of bssic sciKpce; and teachers 
in teaching that subject^require further education and training. 

We have to meet this need onl^^ throir’h an effective provision 
for the in-service teacher education. The nowl,' started Advisory 
Cc'Uncil for the S''GondPry I^du^atJnr. con tacile thia ^•roMeT.’* to 
some extent through the Departments of -extension Service ui ich 
are spread all over the counti^/, But this Is Inly intended to 
serve the cause of secon ary education. Science te: cl.ing at the 
primary school level is equally, if not noro, irir^ort'’nt. So a 

new All India Organisation of the Wature of an Advisory Council 
for Primary Education is also necessary , let us hope that siich 
a Council will soon be formed, ifeo.nwU'le ^ a scheno of Insorvice 
education for teachers, which can he possiols^ launched within the 
existing facilities is herewith furn*’sted.Cf course ,the 
provision is to be under two catagories, via., the content side 
and the ppiufessional side; 

1. COFTEI'IT SIDE ; 

74. Summer or Short Vacation Courses may be orgr-ni'ed by each of the 
Science Departments of the Universities to nrovide regular and 
systemtic education in the subject, i^articularly in the field of 
nev/er developments, 

75. The Departments of Extension Service may arrange a series of 
lecture programiaes at intervals and at different selected centres^ 
to provide teachers in those localities, education regarding the 

newer developments In the subject. 
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76. Professional bodies similar to the Science cotorfi' Asionciotian 

of j^ngland anci Science Education Soclet,’'” o'.' w-y to or'’a- 

nised. on a natirinal scale and their branclies nny bo started In 
each state. This may be reco'^nised by tho Gcntr' l linistiy of 
Educf'.tion as a non-official co-ordinatini" be'y, uitli rerrrd to 
science education and th j required fJnanci';! help "’oy be et^tondod 
to the organisation. This orsmisation oacordin'' 1/: a iianned 
prograrane may arranas lectures in each state- rt convenient centres 
on the progressive aspects of science. 

ii, HlCTdStZONAL -dIOE g 

77. The Teachers' Colleges may ory;-nise st'ort courses and lectures 
particularly on the newer tr nds in science teaching. 

78. Seminars and workshops n^.y be orgmised Tn Tepcbers' Colleges to 
provide facilities to try the neuer techniques of terching the 
subjectyj preparing the aids, constructing” tho- tests, organising 
correlated activities etc. 

iii. The departments or Extension Ser-lce may also take up the 
above two items and try \vith the experts they could pet from the 
Teachers' Colleges and other sources. 

Separate Departments of Extension Service toy 
may also be organised. That mj help prinKiry school teachers to get 
the guidance ana assistance In acquainting themselves with the newer 
methodology of science teaching. 

79. Colleges of Technology my run speciel courses for science teach©] 
in the following fieldss 
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a. Glass blo\jinG,, »'lass v/el<l3ru“ , loss liG’'4inr 

anu aakinr other glass orparatiis. 

b. Use of optical aids. 

Preparation 07 ’ certain aids li]:e -licros;:''-cinens, 
preserved specimens, stuffed speci'aens, fibiSj 
filmstrips and slices. 

SO. Teachers of Science in all schools tmy hf ve increased facility 
to get ana study the journals that are dovotoc for tlio cause 01 
science and science teaching. 


V 1 1, Organlsatlon_^ana Administrative Aspects oi' Sci.nce Education: 

81. The Central Tinistry of J5ducatlc-n may maintain oduquaie expert 
staff,for providing technical assist.'.nee to the states parti¬ 
cularly, on matters related to ni-wer faces cl£vcjlr/”men.t in 
science education. 


00 

OuJ • 


83, 


34 


The Central Ministry nny toke the initiativo '5n orprnir.ing a 
'national Union oC Science ''Ysters' on the lines 01 the Science 
Masters Association of Unpland. This organisetion yi■1 actively 

at Ih^ 

participate both at the Central anu,^3tato Levels in the work of 

4 - 

maintAinance ano improvement of the standard^-ci^nce instruction. 
The Central Ministry of Uducction my briiiL ^ut 0 'Handbook for 
Science Teachers' in English anc Hinrii an>i assist the state 
Governments to bring out translated or adanted editions of the 
same in the respective regional languages. 

The Central Ministry of Education m’~ publish periodicals ^ jour¬ 
nals am pamphlets in English ana in Kindi to acqueinu the 
teachers with the progressive aspects of science education at 
different grades of instmetion bath in its contents and in its 
methodology. The s^ato gov'rwr^nts msy be assisted to bring out 
translated versions of the so.me in oho respective regional langus^ 
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ThG CGntfr I, ministry r^y '^r^cinisc r. > for 

:^S68.rch in. Science 6ducatir>n' an^3 ■’eco.-’nisG jtp. oiotiis os 
equivalent to those of tlae several na.t.'rin? 1 loborr f'oriTG . TLis 
organisation in co-operatio!^ \'jith Centra] Institote of fiduco-tion 
and the proposed ’national la ion of ocionco 'asterf;',rr.y try to 
organise, conduct an- co-ordinabe research \;cr?' on r.rnhle^ns 
related to science education. 

The Central Tiinistry of Education hb;/ sronsor the organioation 
of a 'Central Lahoretoiy workshop’ for the iranugactui'e of arti¬ 
cles or lahoratoiy equipment, apparatus arsd appliances required 
hy the Schools and colleges in the different states. 

Along with the growing industrialisation of our country, the 
importance of Science Hducation is increasing dny hy day. This 
naturally necessitates to pay greater attention to science teach¬ 
ing in our schools. In this connection if experienced science 
teachers are appointed as subject in-spectors the; can visit and 
inspect schools guiding science teachers j'n their totI:. The 
Central Itinistry in co-ordination with the state department of 
Education and the Universities ma'’- txke up this work of aroviding 
expert guidance to science teachers through the apnointment of 
subject inspectors. This will go a long wey to iranrovo science 
teaching in our schools. 

In addition to the appointnient of subject inspectors in science 

? 

there is need for the state department of education in each state, 
to HBlntain an expert science educator to advise on .matters re¬ 
lated to science education. He aust be entrusted with the work 
of suggesting suitable nlans for scloncc activitl«'’s in the school 
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School sc ' etiGe 'blocl’j lahor"'tory or:'.'!ii i'< 
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scionce curriculupij tQxt_boohsj their pr©pFirrrio!i I'no solsctioJi, 
etc „ 


p.Q 

O w 4 


At present the research vorV on. cortr in os oelr 
science is beinp; done in Teachers' Co 7 la - o Oii.' 


Bureau oi' Text Lool: Resenrcl . 


■’he i one’oUi ' o.' 


thr Ccnti’cl 
Gcleiice ’.ro-"cnts 
different nrobleris in 'iifferent strtes. ho, thcre^'iceu fur 
each state department oi education tc h; "o it;: c-,/u roc ,'arch 
section. Recently r.he hew oto.tc o; ''ysore he ) stortjd a Bureau 
for educr.tional research and L .]•; Rurci u in rdditloo to other 
problems,can certainly tcRo up (:ht stoRy j?.' 'ToblDms relat'-i to 
the teachinf’ o!’ science. Hence it Is essential to s'Lart such 
bureaus in everj’- state. 


90, The Scientific and Technical li'Jucrtion di'/ision 




tho Central 


91 


Klnistry may, constitute an expert cc'fi'.ltteo to ’^reaere a hand 
book of suggestions for science torchern, T’ is nay be onblished 
in English and Hindi. The state derartMonts oc education racy be 
asked to translate it into the regioniil languares, if necessary 5 
with suitable alterations to 3 it -hie articular needs nf the 
state. This will help the teo.chcrs, particulcrly, in thoir daily 
■work of teaching and guiding punlls, 

Though the Central Govarnrsont has sponsored various schews and 
competition for the uroduction of children's literat«ire^ real 
effort is not forthcoming in the direction of producing good 
science lit-nature for children. The state governaents think 
of more delibarate scheties to j-rofluce a’It^b-le reading books in 
Science for the different age gronpG In thoir rc.srtoctlv.o .rcy^r-nal 
languages. 
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93. 


Ggxig rally it is round th^.t bhe l'r'’norrtori''a' ‘n r'‘''"’o0 'n*' 
tions are not adoquatfjly eqo‘-P ijjj'j. . >:-n il>‘ Cr-vr,”rn;n'jat soa^ol 

laboratories require better ef 3 _uinn.ont end nano.;'''' rnt , ihe 
state governments may try to nonaiict a sm'vey r:i tho position 
of laboratories and on the basis of iliQ rc-'c-’t oi' tbc survey, 
try to improve the position nith li.b'.rai rinoncj'I rran"'. for 
their equipment and me into nance. 

Science is nrogressinr-; ranidl;/ vitn rcgcr'^s to s :nf manet Lona.1 
■wealth. This necessitates that oiu' teachers nlioul- also knov; 
them. Cujf Hext, books must also -incori-orr < e ell the new develop¬ 
ments in the field. Therefore^there is need for publishing, 
specially for teachers and text book writers, a jourac.1 devoted 
to popularise bhc progress of science. Sine it Is the regional 
language that dominates in the school li.c^osch strto may try 
to publish a quarterly journal on the development or science in 
the respective regional language. The st.'iie departf^ients of 


94, 


education may unaertahe this work ir co-nperation mith the Uni¬ 
versity Departments oi Science on the one han-"- and the Central 
Ministry for Scientific ana Technical Lducatioa,on the other. 

A library of science books may be organised In It rge cities 
and in all the District Headquarters. Text, books and ganeraX 
books in science^ published InHnglish, Hlnli and the -egional 


languages may be kept there. 


3c}nolo anu teachers may bo per¬ 


mitted to borrow them, Similarlp", apparatus ani apnliances 
may also be kept. So® of the schools may not be able to buy 
a good number of costly Instruments and apparatus. Those schools 
may be permitted to got the prrliculsr apparatus from the Central 




LiTorary o-nu usg it for thoir class-roc'"^ 'ur 
it later. 


030 ono. roti'rn 


of 

3itiiilarly, a j[(i'brary science films also l)c organised, 

A 

Teachers can "borrow the particular rilnsren^^lrGd oy thtn for 
class-room ourpose. 


The above services will bo -lorQ offactjve an>) 
results if regular arrangenjents are raacle to rup;ly cO’ 
apparatus, appliances and f^ras to end from Gc},:;ol3 a? 


of far-reaching 
c^'lloct. books, 
rro 'uhen theyoM 


required. 
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KJ^C3CPnica,^B\SiS__0:-‘ 3CL/.C1. ,DU(.i\TJ‘ 


^ Place of Science in a Li b eral ;'j d ucatl^n , (Pctre 103)* 


We have seen ho'i'j VJhewoll took up the ''udoels on bf'lv'^ir of 
Gambriclf e at the time of the ; ttao.ks of the inhurrh Beviei,-;. hhewell's' 
he lanced arguments vjere certainly the outcor.je of f consistent viex’j of ' 
the aims of education for, like ell other v.’ritors on educa.ti'n of liis 
da.y, he judges the value of the various subjects -a the curriculum from 
the point of viex^ of the mental training they af'forr'.. Ibe djscinlinary 
view Gorfimended itself particularly to the austere "'aster of frlnity. 

Whex7ell Mentlf.1es a liberal ednentien X7lth the lui-her edu¬ 
cation provided for the upner classes, upon whom, he oonsiaers, the 
prosperity of the community depends. \ihat a cnnCortinr ana co”.- 
placent view. He distinguishes between pcrn^inent C;d ni-orresslve 
studies. Among the permanent studios he inciudos the ancient lan¬ 
guages and established branches of matheiretifis such as feomstry and 
mechanics. He applies the epithet progressive tr. the conparatjvely 
modern sciences of chemistry, botany, geology, etc. He considers that 
both kinds of study shoula be included in a liberal education, but 
that the permanent studies must be taken first. Hhewell x-jould admin¬ 
ister the powder before the jam. 


One of the adverse criticisms of the writers in the Edinburgh 
Review was that Cambridge clung to old reometrical methods in the teach 
Ing of mathenatlGs and neglected the new'“-r rnnlytical methods. ifJheweli 
is eloquent in his defence of geometi^cel iiiothoas as elving a training 
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in reasoning. He tells us that analytic nethons are ’T!ech''nlcal. 

We are carried along "as In a railroad corrl-age enterin'™ In at one 
station and coming out of it at anothor, vithcut lirvin™ any choice in 
our progress in the intermediate snace". \iii;h '^■eo.metrilcal methocjs, 
on the otner hand, the student is not borne along in this ciLsnfortable 
fashion. He has to tiiink out erch stcn, to I'Gfer to i-jhat has already 
been proved and be able to survey the vhole nroblem. fr iin different 
angles. Whewell cone runes that the charreter ot the reasoning in¬ 
volved accounts for the success of jTiathe'''i£ tics in bn''/"(nr; trained 
many eminent lawyers. 

When the mina of ttie stu>-,ent has been trainc'' by the also inline 
of the permanent studies, he may give his attention to other subjects. 
Whewell oonsiaers that chemistry, thouun indiswnsable In the profes¬ 
sional training for medicine, Is Mt sufficiently systematised to 
form a good subject oi study for students. Indeed tutre were but 
few general principles in chemistry at that time. He woulu have the 
5^oung men learn the established sciences, such as astronomy and n©- 
chanics, v/here the conclusions can be rigorously tested. He maintains 
tnat criticism ana argument belong to the mo-ture philosopher ana that 
stuaents at the university must learn to subi^it to ofathorit^y. If 
allowed to express their opinions ;lns..ead oi "quietly forming their 
minds for future action". Whewell Tears tnat they will become shallow 
ana conceited. They must learn to judge the value of different hy¬ 
potheses in those established subjects where there can be no differendie 
of opinion. Hence the permanent studies must come first - Rules must 
be learnt before reasons. Thus Whewell suggests that the various 
branches of mathematics aria physics will supply Ui^e riwcassary dlsciplin 
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anu tiiQt aiterwards the stoieiit may pxoceed to cnenil^jtry, botany,etc. 
There is hint ol the stern pedagogue behind ail Vhewell's arguments. 

However, Whewell looks beyond the needs of the undergraduate 
and shows the value of a rich knowledi-je of science in a wide scheme 
of education. He maintains that the progressi<sre studies, sxnce they 
involve discovery, exert a profound Influence u-on education. He 
discusses at length the Influence oi the scientific discoveries of 
one perioa upon the intellectual outlook o tho succeedinh peric«.i, 

He goes so far as tc assert that "every great advance ir Intellectual 
education has been tne effect of some considerable scientific discovery 
or groun of discoveries". As we shoul’' ecpect, the historian oi 
the Inductive Sciences makes a great point of the c--reful studj.’ of tho 
work of the great investigators ol the past - he ur*as its introductioi 
of questions on the history of science into Tripos 'cxc^minrtions and 
the giving of optional lectures at college on the historical develop¬ 
ment of science ana on recent achievenents in the progressive sciences, 

Whewell’s words were as the voict; of one cryinc in the wildernes: 
lien did not heed him because the great battle waged on behalf of 
science bad not begun. Whewell’s mothodlcpl orgutipnts were not suf¬ 
ficiently resounding to make themselves heard in tho ■ rest worM 
outside the universities. Science needed o vigorous champion who 
could appeal to the multitudes. Such a mn was Herbert Spencer. 


- D.M. TUuHiJiR. 
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l.Q-^!ber t Sp near and Iiidu cstlgn Onr Cot.r;le 


to Livlnr I o:.). 


Herbert Spencer (1S20-19C3) may og ref^rrfjed 


i.hu r.bil' 


■her 


ol "the scienbiric movGriBut of the soconci he.If of bho 10ti: “ Jiitiirv. 

He chose ohe b errn evolubion bo uenobs his hy'’obhosi s ^ vw'i.vA'i s «ti 
abbempb bo combine tne nobion of the iiGri'-nb'*-! o: o .bstlrr’ r'lants 
and animals from simpler sneosbors vjlbh I'ofK the nef plr-r thvoTy 
of the universe, Spencer’s eicti*-'’vopont, .p'nerc'lifinb'pfv, rpurfi, ncco?j- 
bancc' in on a', e bhcb boliovcd in pro'-rcos ano ir^ ftp :mn pufficlency 
His cry for the need o.f science in educrtiori rounu c r racly res'-onse 
and his beachtngs were accepted, nob iron the Intrinsic vrlue ol his 
argumenbs, bub because of bis reco, ni.Ked rulhoritv lo obhet' fields. 


In Ills main work on educabion Herbert Suenc-r bup.lns ’.?lbb 
bhe quesbion ’’l/hab kno^Aedge is o: '•’art worbh?” In hl.s e.usbonary 
fashion ho refers back bo nrlraibive cusbems and describes the love 
of ornamenb and. display shown by the Orinoco InditiiS. re then -soints 
out blmb bhe sa.me love of display is shown in conboDporory education. 
In bhe curriculum he explains that lb is not what hnonlodfe is of 
most worth that receives consideration but what knovjled^e is most 
imposing ana most likely bo bring apnlr-use. The shams of fashionable 
educabion, and in parbiculor the accoraollshments of youn"; ladies, 
invoke his stern disapproval, 

Herbert Spencer classifies the activities of llf"e under five 
heads. (1) those which directly minister to self preservation^ 

(2) those vjhich by securing the necessaries of life Indirectly minlste 
bo self preservations (3) those activities which have for ttieir end 
the rearing and discipline of offspring| CD those I'^lch are involved 
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A<... 

Date ^ ^ f.P,k. 


in the maintenance of i^roper see id vw. irr^itlcr T rMUlin'bV' 'T^ tiiono 
miscellaneous activities \jhiGh Till n,' tie li!isu 3 v 7f jt r •’ df-d 
.Spencer* s Iderl education is one uhich cLrll trein d ■rvrt--'=” in ail 
these directions ana thus prepare for eonn.le’ie livr'n-*. "o thov ;forG 
maintains that the aim oC education rust bo t:,- ”:lvc ■ '’let; proorirt nr-n’ 
between the degrees .of prej'^aratior. in o; cl ot the scicnc ’r., a'c noplfe 
bis classificatior) of the activit:>Gs o'" 1:1 "'a ic ft' -n' the 


n”n'lfe''3 


■"cdo'T •')' the 


school Gurriculu’a. 


Sr, oncer distinguishes betneen the v . k . v: lues of evary intellec¬ 
tual acquirement, (1 )Vtiowledr;e j (2) diseirllnc. Tr .is d’* sciisston oi' 
the disciplinary value of scientific studies he tokos refupo in the 
aisylum ignorantia and baldly states i.hci the acquirement ot '‘facts '.lOst 

useful for regulatinr conduct involves n rnent'-l o:5:':rcise b>st fitted * 
for strengthening the faculties. It vould be utterl:’ contrary" he says; 

"to tne beautiful econeny of IIature,if one liino oJ' crlxure to needed : 

/ 

for the gaining of inf or.'-^at ion ana another 1 Ind uoro need as ?! mental 
gymnastic". Having disposed of an agelon” rro':l«’-i in this simple aanne 
he proceeds to show that the disc inline of science is hupsrinr to that 
01 ordinary education because oi the religiOUs culture* which It gl’''es. 
True science, he maintains, is religious because it rives the student 
a faith in unchanging relations "in the invariable connection Ot, cause 
end effect and, jn the necessity oi good or ov^il results". 

Herbert Sj^ocer writes with suen conviction ths i. it. is oleor tfci 
he felt some morsl effect resulting the operation of physical for 

His writings reveal the charecterlstic 19th century attitude t wards tb 
Inexorable laws oi nature,but the confusion of ethical principles 
the Rousseauan discipline des cboses seeas peculiar to hiii. :tpencer's 
claim for science was primarily on the ground of its utility. This 
no doubt commended irself more than any ouher ct a tli'o who-3 the a pli- 
cations of science weiee receilvinr recognition on all sides. The very 
exagFeration with which he illustratod liis arguments co.irolled attontt^ 

- D.i.h TlTrtlLi.ll. 


c^<re 
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gij^3:iaL -g^^Q-trQSpective Frnnher.v rPnp.> 103) 


Ths coursQ 01 sciBucis vjc s pl'ij't'ccT jr\ ’or rorconii'^'ls uiinsc 
"by TcH. Hiijcle;’4 Even the Most conservo.tfvn U'iiolderG n!‘ the classical 
regime were ready to admit that science ts asornl. Hiialcy nought 
to Ghovj that science --s beautiful. I'hc snnry sl.o o’ /as -'h lino.: *5117 
was revealed in bis plea that ch'^luren c.n''''r.l - bo I’^’d to la 1 nature 
and to -Lollox^ her ozys in joyous I'Ursuit. llLurloy's r.crnanifiCGtion 
01 nature leads him to regard nature as nu eduertor. ’^Ihturo's 'dis¬ 
cipline'', he says,, "is not oven a word an-J c\ blow, an.i the blow firsts 


but the blovj without the word. It is left to vou 


yS • V* L 1 


dut '.h y 


your errs are boxed.The object 0 .. edoration... .is ',0 rood. 

these defects in nature's methods, and prepare the ch'ld to receive 
nature's education.without wait in..; for the box on the ear". 


Beginning I'j'ith Voltaire's story of Sadip, fiiv wise rnn of 
Babylon, Huxley shows that retrospective nrophecy is a rnrhed charac¬ 
teristic, nay, a definite function of astron'-Mlc'1 scii-nce. Ee 
quotes the well-known statenjent of Airey that rri ecl.irjs6 of the Eim 
was visible in Lydia on the cjftarnoon of 28th Hay t- tha y-sr 585 B.C, 
Huxley points out that such a statement c nnot be verffted, but that 
since the isstnods which astronomy uses when \mr’-iny fori^ard lent to 
correct results, the same methods are trustworthy in worlrinr bockwsrds 
Lo results not directly verifiable. This MTun^^nt Icnyld Euxley to 
bis main thesis, naraely, that the rethods of restrosi)ectivo prpheey 
are legitimate for other sciences since the method der^nds on what he 
calls the "fundamental axion o‘‘ the constancy of nature" whicn is the 
"common foundation 01 all scientific thouy.bt". 




5.5n - 


"/'n:' sis:; s 


"i ' ’n-fir' [ 


Thronr^hnut bis I] ssays Hu^:lyy csr 
rGsuliiiij' froti s. l'vno'i'Jl6d'”s oi sciGn^iC' '■".ri ■,£i'3 

j or science in education. lie shon^s iioi; ’lie T-t soii-'nC'.; rivols 

the growth oi the concootion of ''Pusalj.ty. ''i;- v'Mor* pro acvelO'-Mont s 
sc’ientiric hnowled^o ciurinf- the l^tb ^'onlnpy I'Oi olhor ;.ien 

to rely too nuch on what they concelvod i l:c iiit; neh pfs o'* rclooce. 
h'l'.ile retrospective prcphecy ;ight lord :o the rr.''''t:ctDUCt"’: n ot' eveni 
seemingly ps real es those ch'e to our i'viedirtp ootpp ir. yet 

Huxley did not adult thot the Interpret'-tlrn r/‘ u-r.t nd te 

events depends on ihe use ni’ certaio dnstruTxnts o*' H/nrht which then 
selves require critical exoninctio’^. It was not until rTi.er his time 
however, that the serenity of t'K3n of science wr s rHisturbeCi by such 
doubts. 



D.'I. TOHliH, 
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^■■ I Frinciplos rorriuL: tori by ti'C 

E duca-tlon Assov^latj.on oi Atnoricr. , ® 


1, The 1 Uh^amental pui'^oae ox axi ic-achtti*-, oi 3 Cien>w 6 In ail grades 
01 bChoolb is to loster the cievelopmcnc os. one true sci^Jiitiixc sririu. 

2, Since all normal cnilaren are endo-vjed by nature witn the 
elements of tne scientific spirit, the purpose of science teaching is 
accomplished most successfully when the science classes merely furnish 
an environment in which the scientific spirit can grow from the crude 
and instinctive cnildish form into the more finishtjd and lo£i rl 
adult form. 

3, The scientific spirit is characterised by three equally important 
elements; narnelyi (i) A desire to unuerstana more fully the meaning 

ana uses of things, leading to the definition of riroMons concerning the 
meanings and uses of things, (ii) A firm faith that the solution of 
these problems is worth while and possible. (iii) A nethod oi think¬ 
ing that leads to the most expedient and useful con liisicn, A science 
teucbing that fails to recognize in practice all three those elements 
is necessarily defective. 

4, The most effective method of science tecchirr y-t, devised, in 
which all throe of the elements of the scientific unirit rec-ive due 
recopnition, is called the nfithod of torening by projects. 

5, Every project is characterized by three equally iinnortant ele¬ 

ments, which are coordinate with the three eXeii®uts nf the scientific 
spirit; noraely (i) A deaJre on the pert ox" the pupil t;. understand better 
the meaning and use of some fact, nhenos^non, or oip^rience. This 

loads the pupil to ask question, (ii) A firm faith that it is wWlih 




•” 5o5 “ 


question. This causes i;hc tjuoi] t: 

(iii) Tho gptherinp frcti] exueriencs, 
neocled inf orn-o tion. end the r prjiic-n.tion 
the qU''Stir)n in hand. Tl is set Mu s th 

G. Any qu- stion i/nr t r n- nne -r-las 
0 nature an - of li c is n ^Irnis ■“ r : - f nt. 

7, A project differs fron e toni; m, ^ht\' (, ra«-j ct or£r i- 
natos 'll soae pui'Ml^ question, an re-' 'ir . n ' iiMt’o Icpic' " suqi'on©© 
of ideas. Its . triplications need not, Ih :r fof-;, bv pofn‘*pr lily n 
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topic to an;*’- of the arbitrar;-- divisions of echnne 






biolof-y, etc,, vjhicb hav*- been devised for int-'l Irctu;. 1 conv.yulc ncc o(‘ 
Gclnlts. (ii) The --roject involves the active on' -"otiva-^-jd pr,rl ici-aa- 
tlon of the nppixs in carryinr ii out. It dooc uoL, Tu r forCn liluc 
the tonic, lend itsoM' to didactic, far.-r 1 lYcrtnCnt in n’Lleh the 
teacher does all the thinking and the ''■unlls nrssi'v'.'Iy abnoin:, (li 3 ')The 
project never ends in a co’oMetc, /.in'"! or absolutely fijiished nr-nclu- 
Sion. It Is, therefore, far less likely than is the tapic t lea-’c 
the pupil yith the idea that he has hoard the last ’■./oi’a or /lie subj ,ct. 
It lea'Ves hin open-minded. 

8 . In the project method the enfMine rtv baclbono O'* the 
course is derived from the snlrit of scienc’’^, vhoao yro -th It r-i^s 
to foster. The organization oT the vorl: depends on the olcill of the 
teacher and the enthusiasm of the dlass. It need not, themCore, be 
constrained like the topic eM order tc the noTrov; boonds of the arbitrary 
classifications ¥hich tfc® adult specialist has cenvonient for his 

own intensive vjork. 




^ c: 
*>" . 1 


9* ThG pro;3ect uettiod o±‘ te'r'drjnr '.xj'"' ’j*;!! ijr'n- Ictyes ibo 
pui'j.l X‘j5. bh n yGll“orf''?nisG!j niC'.ss of uncrt-i ^rif or*’-'’'tio'! Iiir^ f* lov*-; c-'i’ 
the scientific spirit which will leii'"' bt’i to f-ontinre to r.cn’iire norc. 
This entire discussion arises frov 'he i'ect the i to-. In^icnl to-^ical 
tflGtliod has friled to Jo just this. 

10, The present need of the sol ools ‘a for f' ciilon ol' 

saoTole metl\ods nf tres.tinr e ''iven. •‘"■.rojeoi,, "O'l' liC ivv.-i :‘r. 

sliowin" terchers in n piven connnnlip how to ■I'Viso p.-''’’ utilise '•'rolGct 


adapted bo different erodes ^f nu’-'ils in their owni '^nv‘roaf^'cnt. 


’hi: 


tne comniitteo is now nolrin'’. It wonl: Ik; "'■'lish rmo fpie] t'"* the 
success dL‘ projject teochin^ to try at rjresent t'' divide the high cchoc 
time into conventional sections of ore jatr of 'bi'lo,:y, one of physics, 
etc, 
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Samples of Courses of Studios in SGinnC'". 




SAIIPll:; I, 


Syllabus in General Science prf'scrilx? ' hy 
School Examination Board. The uhole 

15 *' ?' 

for those ^select Gsnc-ral Scionc^' os ^ 
Syllabus in Ordinary type is inlnn'lcd 
the Graiamar School. 


tho Erist"'! UrJ'V''''rsity 
Jyll;bv)s Js rlntori^cd 
T’ d cl i t ’ onr 1 ci nb .1 act. 
for all students nf 


GEll.PJiL ^GldTC , SCESDtLS. 

No fcvo teachers will present the subiset-ns-tt'r in the erne order 
and this schedule is to be refiarded as an .Indinotion rf the detail it 
is desirob3.e to include in the n^nerPl science. 


The subject-matter for General icionce is shown in ordinary type j 
that for Additional General Science is the complete scho'ule, 

Ko calculations involving the use of formuloie will be axpectod in 
the General Science paper. 


I, THE SOIAR SYSTEM. 

The place of the Earth in tha Solar System, and of this in tho 
Universe. The Universe in outllnel stars, cosists, meteors, nebulae, 
Milky Hay, constellations.. The Sub as the nearest star. a© sun- 
structure and siae? sun-spotsl corona. dlbe 3oln,r Systn^^ in outline, 
with some idea of distances, Flonetsl sr.iclliic:i, Vhe , oon*. sise, 
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? M f tT*' ' 

■ O t' 


distance, phases. IKAH 3IDh?ut?L BAY, Bri Y nr/y V ' - tic' 
liiilh . THi^ lAVi ‘.l'Elj SII'jPLij FiillDULU'’CLcti Grrr/ity es a coher?n£ 
force, me yof'N Am ijbbs. 




Shg-_S.ug. ■fis a Source of Hadiation (Light ana haat) . 


I'Emcm 0,' DEmCTICh Cim'/BIiVi'-JClI' (BT; 
iFlGPJiihTIhS (liSfBA BED, UDIU VlMa-T). 

‘mTT\rE, G.:^ iiiFOnTA iCE . - bcdy mi imuTuriE). 


ry ABI&TTt'II AB) 


IhTl A J3 1 .: L',iUC '7 ' AI {QUA LI^ 


3 . Wave Motion and Sound . 

BLMPm Cc'liCEP'l'lOIG OP TIUiIISVEllSE A iIi; I/Qjai 7 li:)T]Yl ’.'AYB oryjc.i; 

n 

WAVS rWNGTH, FREQUAIICY, VELfCITY. SOtli IDEA r/ i 7 ^ FJ.'’gQlBECim OF 
CEAHACTSRJSTIC FOhhB OP iADIATlOlB VEB'CITY TP F'^OFAGA'TICII O-' SC.'UITD; 
RANGE OP AUDIBILITY, MTUSE OP oCUNhi Sci.IDINu BODY VIBRATES, SCHOilS . 
PRODUCTION CP SOUND; VOCAA COEDS, J'iSTRNHABS , LOUIfU SIEAIA.E, PIIWK AND 
PREQL'ENCY. THE HUm NEAR. DOPPL'.K UFTECT . SOUND HAND JHO . 

4 , Llg;ht . 

Source of light, developcent of methods of 1110 ■^■"‘notion (note 
reliance on the necessity for a hlg ■ terajx^rature). Boctilinecr propa¬ 
gation of light; eclipses, shadovs. Regular and irregular reflection; 
reflection at a plane mirror; lews of reflection; rngitlon and character 
of the image; paths of rays of light wharehy the irs<f,e is seen. RCTA- 
TjCif CD NiIRRCil; SEXTAFN. Reflection et concave and CONTAX surfaces; 


construction, of the image position; real o,na virtnla Image 


♦ 


Rofmctlon 


at plane surfaces; critical angle, Beviati on toy a uri/m. Dlsmrslon; 
Gonposite nature of white light; roc'>'’h'natic-;; v'.olour; vilnur -WxDp hy 
additioh anu. subtraction. Convex and C'. ftv L-. CrD^hicr-'l '.etl'D .s 

of finding image nosition and oisv* The ca-vra, of reel 

image by convex leno. The himm eye; oi,ructui‘e; RTN fuL'.' vI-STpr 




iLCi'-.cr^ ooATi'oi: irTJLipjXHa loi-ig Ai-D .AroH? 


o J •. 


> f /■ rt •! 

J' I X 




ht^ <Jm I M 


TKLj>SC 0PA3, SliXPLS IDEA ..,3 LIGHT 3TAiMiDa A-J TTA . SIVK^ 


‘ ^ % 

C/ATf^'IE FW. 


r-E01\I‘GTER, PHOTlELeCIRIC IBiTEH. IWLE3.'. SQUALL JX; , 

FOC'T ClLDIiL. SOME IDEAS OP RECCI-E'KNuED DITEISITiLb Cr’ ILlD^'TOTIOM. 


5. The Barthes Crust . 

Formation of earth's crust| evidence ot the state of tlie 
earth's int©rior 5 hot springs, voloanoes, ^^inarals| dcflnitionl a few 
of the commonest tynes (e .g .quartz,calcitt ,r”,ica jfelGsnar). Geological 
meaning of the word 'rock'. Groups of rocl.-s^ jgrieaus, se.ll-ieritsr^f, 
metamorphic-, chief characteristics of granite, basolt, chalk end other 
limestones, conglomerate, saMstone, clay, shnle, slate, coal. USES CP* 
HL'CK3 PiiBTIGliLAHLA AS BUIL'.'ING- STrildS. Raised beaches 5 submergod forests 
Inclination of strata;^ folds; faults, uncopfor,-iity. \irt,er, vlrx'. ana 
ice as agents of denudation and transport. Strotiricatlon; general 
sequence of animals in earth's his tor;?. ores- ;«of if'l t 1 on^ iFAh 
ORIGIi' OA HASMTITE, ZIHC BLbl'0S, SALT (Salinity n'' nca), 

C’RTGIf: CF COAIiS^ OCCGRRShCL*, ?CT!:>n’-3 'hf (UIDr.r.Ch nUHj O'B^U 

GAST^, OIL AiCCU. RLATIMB ITT Hf-TU'L; OIL \JELLS . Soils and subsoils^ 
methods of formtion”, content (Particloc, wai-cr, air d.lcsolvod materials 
OToperties (Porosity, water holding capj:city, t-jr-iperatu?©, bliraiing 
capacity). 




The Atmosphere . 

Air has weight and exerts pressure 5 presaiiro snei force^ simple 


barometer, aneroid an'T boroerr'^^h; g, 1'''to • plic.*: 1 itr's . ' /L 1 ' D.h.v A 'LTi 

Uses of air pressure. Boyle.*s lo'j. ‘.'ntcr yi'.-'ur In the at :o3"'horcm 
evaporation-, sat ration^ bamiaity^ dew nn'-nx- collinr by ewr-nratis-. 
Decrease in tssperature with •neight, cooling by oxpaasl'w, , Clou-.o, mist 






- SCO - 


L. IIYGiin. 


fogs, TYPfS CP CLOTJOS. UY'T A.O YaY BUJS TE.Y: ( 5™ . L. HYGAC- 

M^TFCft HABi AilD PAPER HYOFY'^ljTGBS . N.E YM r' Y ='‘1'/Y : (v‘ 
l-tPilRIC GYCLJ iTo AI-B iGfTicyOuYEs DEprsj/, -i. Tv-YYiACj 

\A3AT1UR JH'iPS , Conposition nf the o triosnhere : njty-^-rT, nitri'fon, carhon 
d loxicle j inert gases" air as a TT!l:cture. 1 ro arat’K'. ai‘ r::*i;v’''an frriii 
nercury oxidel properties. Pre[jarntirvi fra i air nf nltraponf pwper- 
tles, CarboBj si'--’ple fort, is ann uses. Cxida-tiun ^ "'i roPiifitior, Re¬ 
duction of an oxide by hosting \/ith carbon; extractin o’ iron snd zinc. 

7. Wa t^. 

Sources of waterl natur.-] visters. 'The nctnr table, Yater nms- 
sure," water finds its own level, nressupe and rloi-th^ the water simply, 
water towers, reservoirs; water purnns, 7r: ns‘iiss:lon of orGGSure in 
water. Water as a solvent. Sin le estFr.ation of or,Inbility. Effect 
of temperature (qualitative). SfLUBTJ.rf:/ j-pj YLR'RTYU ' d. Flltrction. 
Crystallisation. Some other solvents ana their usoo. Slrru'le study of 
dialysis and osmosis An their relation to biology. The states of water, 
Distillation, The water cycle in nature. Bolling nolnr am freezing 
point; THE QUALITATITR AFFECT T'F PRESbIf.S AID ’ ' vTSSCLYRD SOHnS OPT 
TlfSSE, Composition of \-?ater (qualitative); synthesis from hydroron and 
a metallic oxide; production by combustion, of hydro-'-on? nropo,ration of 
hydrogen from steam and iron; properties, HYDRf'GAIili'iTIf'i' C? OIIS. AhD 
COAL. THS IDEA OF THE BiSTdRSIBILITY CY* 3f l-S;) CHilYIf; I AGTTcrs. SlfdplS 
study of densityl direct determim tlon with the use of large qiantities 
and spring balances, Experimental study of flotation; comparison of 
■vjeight of water disolaced with that the dlsnlnclnn body, Sri-ir, HY- 
DRCiliTSR (e.f, LGADBD TyST-®.. PTu’Yl'hD T TAG A SaXi), &nthrwt^ 
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application to ships, balloons, siibnis.rines, cr.rro oarrit:!, Iljnsoll lint 
Architi^edes' principle as a princinie ni flot?tirr. 31GliiYITY. 

S. Heat anerg:y . Sources of heat. Types of fuel, Sf ects rf heat^ 
incandescencG 5 chenicrl actionl chance of stage^ chenro o. cine (quali¬ 
tative)^ COiiFFICIiWj? OP LIHGAI. H li-AhSTCf!. Anpl5.'-c tions a nu uec of tiie 
change in size of solids, liquids ana gases. Tyrees s' thcr’c:rnote.r:; 
(including naxi-mivn, minimum, clinical); scales. GivAHI ‘ii. 'i tpaaiSjC'; of 
C nPTIGoADH AL'P PAHl^Sl!HfiIT 3 Gi\Ll:.S . Anomalous expansion of .jater. Heat 
Units; calorie, B.Th.U.,therm. Determination of thermal per 

gram, or per pound, using thick calorimeters (not more than one heat 
gain and one best loss). UATHE HOUIYAIi-U'T. Heaninm of calorific nor/er 
0 fuels and simple costing. Change of state] moltinr , sva^-oration and 
boiling. I4iLTim- FOIITT FP'vH COrUIIH- CIT.Tl. Loterit heat oj‘ steam (thick 
calorimeters). Latent heat of ice by Black's met'od. LlqiLPACTIfiU OF 
A^g'^Of'IIA, CARBOU DIOXIDB Alfu AIH. ST.'lKi TPfJfiTLf'ii OP STPAP S'JCTHd A?i> 
I.C.S. SUPFRHBATBD STEAM. THE TOREJHo. Transference of hevt. Recti¬ 
linear .nronagation of radiation. Good and bad conductors; goooi anu bad 
radiators; ventilating requirements ard methods; application to hot 
water systems; draughtless heating, Is.gging, clothing. Distillation of 
coal; simple account of the j^nufacture and purification of coal 
of by-products; simple ooar-tar products. Dimple preperatlon of carboh ’ 
monoxide and MSTHAI®, Coal gas and its use; ignition tonperatur®;carbon' 
monoxloe as a produdt of imperfect combustion ar^ its dangerous olmractes 
a sinple r^thod of detection. ?l;GDtC:r. GAD, TfATin tad. Alcohol; s^m,^le 
treatment and fermentation* 

9. Hatter . 

DIVIBIOU IHTG TKREi! STATUS Vt*f CITAru\C13il3TIC'i Ct' )AC'.;; 
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IE2ATIi;j;\'T OF VTSGOSm, JE' 


■r'..3 t 




I-lIGIDITY CF GFSICt^ , TUBUIAR CC!ro’IRUCTlC'% Oj-r^xi 3r il. 3r:.l-'CS 

TIF.GS MhJ TULYRGUMTICM IF BRDGE A./J FYI/jV 

L/A .'5 G1T1JTH3(CC IA:)D AT'JG L^U'TITATAD} . SAi’^le Pccrnwt ol oI-runts 5 com- 
oounus, otoinijj raolecules. 3Y]®0T3, SI’IL'i ov- njAG ^:5A VALO'^''. 

USF Oi Fffi GATAFIATIUG YAIGHTJ f> ?AuC''II.A A'r^^u F :S, GAS- 

eous anu llanicl diffusion. 


I'^o Acids ana Alkalis . 

General properties of dilure eclds ar i cllA.Iiu neutralisations 
methods of preparinff simple salts. Frenarstion of crrhon dioxide5 pro¬ 
perties and uses. Extraction rf sulphur (or'.it r'llotropic forrisO’ 
properties of roll sulphur ana its uses^ sirole ,':cco'’nt of vulcanise tic 
Sulphur dioxi ej production hy oxidation onl" oi (3jsulphur^ (2) PAIGJ 
FYKITFS OR ZIRC BLONDE; hleachln^ and Germi^*idr-1 nrC'pcrtios^ conversior 
to trioxide, leading to simnle monufactuxo of sulphuric o,cid jx" contact 
processl properties ard uses of tills ocid. The proporation end simple 
properties of hydrochloric acid anu nitric acid. iSE f HIT/IC ACID 
IN 'ARING All EXPLOSWE AMD A oYn. SIMi-Lo CKGAISTTA oiKCT'GRAHiY. 
H;EPARATIOF CF CHLOHIIfE BY CXIDA'flCA CF EYDAOCrlLflilC ACH) (CU imrtD}; 
HP.OPERTrES OF CHLCA^Ilfi IN BLAlCP.IIKi, ACTICAs Oil SUFAID IIAk; 

AND STERILIoATIOM OF FATEH. GSBS C-’ GATlBril Tl^rilACIIKRJDE AfiD CHICRD- 
FORM. Sodium hydroxide As a typical alknlil action on aluiidnlumjaalts, 
fats. THE H/lB-R iiiLCdS:! " OF MITEIC ACB) PBOM A?A:CITm. 

SODIUM carhonate and sodium hlcarbomtel the action of heat on these. 
Calcium carbonateJ calcium oxi'e onu hydroxi'o; cement anu cowrete 
and their iraoortaiice. Calciu^i bicarbonu^oj sBormrlirn o’* coyos in 




zcnle . /IS'*'iuS 


limestons country^ staloctnes am strv rt'iiies. 
Alii' -SB RSAARATJOJI CA A TYESB.S BSTBli. 


11. Fabrics . 

Appearance", action or heat, aclas, c-^nstic con? 
vegetable, raineji-al am artificiPl fibres. Pr.CoiTTjv' 
Bin-; BY VISCOGB PirCESS. Dirt renovel; noer, fun i:nn 
hard ana soft water; co>->parison oi hardness by sf^Ti 
of herdness. THl FT’-BFaRAIL IT (r BOAF. 


and '’ynr, on P.niaal 
Y i AY i’SICXiL 
rc' '’on for Ls nse 
soluti-^ni roMOval 


12, Metals a ad A H irsts . 

The uses of iron, copper, aluniniurn, zinc, lord, tin anu their 
portence in the evolution oi civilisation. JUloys; stesl. solnorjbrass,, 
duralufiih, bronze. 


bines anu Mork, 

VTork done when energy is esnended; units oi work*, horse power. The 
moving oi weignos by machines5 pulleys, levers, IKBLIIIiD FLi'TiS, tauscles 
WHEEL Ajyj AXLE, TRAIif OF GEAH \MEEIS. }hC¥U^'iXi.AL ADY/WITAGSs IBSPUL 
WORK Kiji; IfTPUT ViUim, Efficiency. Power, THE HELiTICi: i;£ rHE WATT 
TC 'jHi. FOKSE pa®. The mychanical equivalent of heat. HEAKB HOESE 
POWER. TEk. Law ur iHE MVCHIHES. SII'-O^L^ ixymuiTiUrt a ^^IGLiTY 
UNIPOhM ACCEIfiRATION. FORCE AH CikiiGS Ih A^OTiOM. ttiOTAlfGBlAli 


KESOLUTiON OF FiKCES . FRIOTIOH aI-sV LUmicATlUfJ. CllffiS OF* GRAYITY, 
STABLE A6ljv UlfeTABLE EQtJILIBRIDM. IDMS OP 8MAM-LIEIS5. 

14. Electricity . 

A simple account of the properties of nannets; the* Earth as a 
magnetj the compass. Single magnetic fields. The narmtic effect or 
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a current; comparison oi the solenoid and the rr!cJ.:,"net; electronr ^nets 
and their uses; electric bell, telephore, the nctor efffact, noving coll s 

'I 

instrum'^n-cs. THE STRENGTH Cr *iLEC'IHC4iriGiw. Current electricity'" 
typical circuit; conductors, insulators, resistance, 8Ki l.D, 

Ohm's Law and ffloasurernent oi’ resistance (Vol-meter- pr.etcr rsetLod only)C| 


Wiring in series and in porollel, VtIT?LTSn-i^■'! LTSE 0* : 
watts, kilowatt-hour 5 simple costing. The hentinr^ tiffect 


Tir Wd7r, 


Units: 


a current 


9 J 


electriccl supply ana distributioui s^Tet, ■-■lOviccs, I'us'-'O cnu a artb 
points. THE bl}a-Lb CELL, LECIArUHn CML. HtY BiTEHv . Electrolysis 
of dilute sulphuric acid anu copper sulphate solution; electro-, la tine, 
THu LEAD ACCIB'UlivTCk, MAW'AC "Uni', fi gALUTIC L'U: Aib iHHBiW, 

CIMPLii. LLuCTRIC ?UT0K. D .G, ana A,C. Wito, LLaCTR:B;\C-iL.TlC Tl- 


k.C. nrtl 

,.L.L'A(:CAI, i’.uELOY, 


DUCT'jOIf; THE miS •'r FARADAY AH. ILLS. TIL'J DY/l ' 

MACIilHEG. THE UAWFUKWK A'U 'W: D UlM'LTWH' 

THE IWUCTTCIi COIL. 

15, E nergy . 

Natural sources of cnerry; the sun, fuels, food, kiretic envrgy 
of moving air ana water. Transformations of snerpTi olthiP naturally 
or by conscious direction. Stpsage as potentiel enerw Cinciudlng tide 

16. The World, of Life . 

The life history of Ihe earthwork, an Insect, a floh, a frog, 
a mammal (with special reference to ritui), ALGA ArU MOSS, arsi a flouwer- 
ing plant, with special reference to their relatian to lir'e ’^ter, 
air ana on lanfi and with so much of their gross str^'eture Is ne- 
C0sss.ry for unaerstondirig the .a,;of life "roecsoos. a. u 

Cr AHBAL /UJD LIAHs! OLLLs. 


-At'®* 
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17• The arjpua Activities pf Livin;: '/bi n.^■ £3. 

Photosyntbesis; necessity cP chlorc-byll ^ cr I’brr r -n llftbt 

energy" production oi stcLrchj evi'lution c"' ’ (t”* ■'??■''’tor plfiots), 

HecGssity oi iv'oter for the ’^Imt.; its rbsc'’r"''t?Tn jOtt thr 'U-'h the plont: 
ar'd loss .1n trjjnsnirotion; function of m: r'^ot hrjrr. ucirinns- 

trstion of the necessity of n'tnof’cl ■uost'>nc''s .'rro"" the r, 31 ;’’.nc3 th© 
relation of this to fertilisers. ?bc or" nic, ^ifosi'roen no hv 


the plant; Garbofilidrates, oils, fot.o, 


these/ svbsto ncoG s 


the main food of the animals. A brief acoonnt o the /^orn 3.r!iportrnt 
vltrriins anri their sourcos. The use of r'.'Od subntoftecs 'i/i boflv-bulld- 


ing in plants ano anamals. i\ balanced diet, 




/'* 31’AHCn 


ft 3UGAR BY FTYxiLIll; OUf^LINl' OP YbB PIuuESS (P JlG/31JCr if i;,. HUFAn 


BODY; ENZYI-iDS IN FIANTS, THE CvIDL'CI. 


:• P-'oj 3lB0TA-:iP:B IN 


AfilML. Energy si.pply by respiraticn; dcoonstrf;tio.-i. of carbon di¬ 
oxide production in human respiration and in g orcinating secdOj. I’b.o 
meaning ol growth and development oxplaiiisd with rndeocn c to the life 
history of the frog, and the germination and the subsCTuient growth of 
a flowering plant, Reprixtuction as illustratod by seed, formation in 
a flowering plant anu spawning -’n the frog. Kodos of '•‘•lovofont. 
ECREDITi A3 lEh PRUDDuTTC.'E 0-' OPFSFR.illG !!■ "Rnl T. 1111 FArdiNT. YAIIIA- 
TIOII ILLUBTF'ATED FGK SXAFIFL;: BY Ililli COLoai> IN 'IEjI HEiau FA'IILY q: BY 
TEN MRIBERS OF MY FiaiRS ih lEE DAIoY HEAD. oI 'hJA ACCOUirf 0? 


•1 f, rn 


'Y^KDELISh ILLUSTRATED BY THE IiiEtiRlTA'''CN : ; AE FhEv ff' 

IIWCLVINU DuMimHi:. TdS FTOTIOif OF THE EISSiY 11-i ASUTICK 

TO PERCiPTiClT AlTf swI'nUCTIOY CF ofl iLU: -A. £ Tf3:; IS . F. f-'Y'.r-NT 


i-At-* 


ORCr.'NS OF 

OFlCIAL oEl'bE. B:.FLf.v -fJrl. 

t: :ast,.a , F' 

,., i. t.U- ^ " > 

’’3'' ‘«VT " "*f 

OF LIGHT. 

^■USC.LfEI IXCC-'CTPR 'ff.V.fh; T 

‘yr.r t, T 

C". '.i tf'd- 

A An? 

GROETH EDVLlLifTS CV rU; IS IE 1.30'.*1.-1 

. 'hici:- A L 

^ ‘ rv i 1 . 4 , ^ 

1 
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4 


^ ^ oi’ Livlnr 


Th© contrasting niodes or nuti'Hiin^ ci' the cn’i"f 1 r-nn hlic /"xean 
plant, and of the relatic'.n of these to structure-- the .'Ct'ori of sapro- 
phji'tGS in causing decoy of orgenic inatter, and the InportHncc of t! is ir 
soil formation and in hie circulation of mottor. Bocterio t noture rnd 
habits briefly? detection end culture, bses nf bant'rio. f-'od 'reserya 
tion. FastGurisation. PISA AhH icUh:: Ao A''rhL PA:Aori'J S, A T) 
UISTISTOK Am DODDFBv A3 JlJVm PAIJl3ITAS^ ILL'n A A FiJL..S: mPr.- 
ViOT'.M; BREAD yOUIDS AS PliiNT SAPROPIIYTnS. DU^AE.'o ’ VI rAU.j..D BY 
BAGTIinik Am IE PIAYTS BY F’UYGI^HSF A; Ei. J Y Ylillja BlSh/.StS. Cf AfK- L 
OP FESTS. 

19. manmiQ DBES ol Anltmls aM Plants . 

Agriculture the funclsnental industry. A brief account or tho com¬ 
mon cereals, pulses, fruits ana vegotrbles os sources of food, a nu theii 
relative importance. Cotton am wc'-l as'rav mat'-rivals of clothing. 
L'illERmiS OP IKOWOPJC lYFOFiTAlCE tBT’AY-■ lA'A ' I L'AAC Ah' ABrAIE, Ill- 
PROVhKinNT 0. SEEDS Al® SYCCI:, mmAL Aon i'SHTIGIilL, Pli.Ym p.ioPAOATION 
IIULUDilJb GRAFTIl® An^- BbDDTEI, HRUIIIIiD. 

20. Interdependence of Living Things . 

Relation of the organism to its environmeniT and to other organisaj 
in nature? plant and aninal communities^ food chrlns". pollination, seed 
dispersal| sheep, rabbits, and plant growth, BIRD KIGBAY/OIT; RMlTliwH- 
SHIiB COhiMSiSALiaM; SYJffilOSlcJ Ai€) PARASITEY. 

21. - Characteristics of living Things . 

Differences and resemblances between plants and aniwils. Tho idea 
of evolution. IRE PnoGRESSI'/E lA’hh. If YTllIJI.'C'* AS ILDSWSD BY 
RBPSRE<>:CE 1\' rBE SEDUE:!;': OJ A.^ITaA TCSS'hh^. 
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SiUiVD: II, 


Syllabus prescribea by the (.:cfcrd ana 
School iilxp''aination Board in General 


C a ‘>’b r id 0 *3 Co "'Co \r£ tl 
3r-if.n<'a (l-'BS). 


GCH^BAL SCIi.lTCa 

The rollcfv^lng papePvS will be sets 

Physics ... 1-^' brs. 

Cheqlstry ... 1-’; hrs. 

Biolo.iy ••• 2 hrs. 


PHYSIC,S 

Fundeinental properties of tbo tbree stales of rc.tLjr. Measuxe- 
Tiient of volant by d'splecement. ard Its clot'or'ijiatiori by 

direct measurement of weight ann volume . CT>ecif:5'' gravity. Yoasure- 
raenc o.:' density and specific ^-ravity o' a llpuid . Fluid pressure, 
liater-supplyj hydraulic press, and oth^r simnlc nr-'cticr 1 replica¬ 
tions oi fluid pressure. Principle of irr'himedes; flototirr^, the 
con \cn hydrometer and other simple r ppiicotir-ns. The pressure of 
the atmosphere. Si ole an aneroid 'baromot.rs. Bicycle rump, 
force pump, and lift oumr. The spr.lir: bnlanco ana its use in the 
measurement of force. Mounts of forces and simple rcrctical epoll- 
cations. Centre of gravity of s rod. SimOp : ulley systems, wheel, 
ana axle. 'Work. Mechr.ric"’’ ntertr^'c, Yclocity Ktlo ond ©fficiei^; 

Principle of simple pears. Fm-nr, her''-'* •c'rar, Kinetic an' poten- 

tlal ener-y tr atsd (iuslitf.tivoly. C-ra'r-KUon gf ■ energy. 

Mercury and al ohnl thermo>iete,rs. ih nt 1 /;r:dc ana Fahrenheit scales. 




C linie & 1 the r ^r’.ome t:rs . 


Qll'illt t'L ■ t-"-'";’" t^i^i '■’s' \) i'T 1 

S-Loxi ot fioXxCvG j Pnfl pr'seG* ' '"Xj j,. 


expr-nslon of ■'jater, 


'■leosifrof.'ieKt, c'’ h';r>t 


* ' I ir» 


colon'e, B.Th.U., atyi ther'. Chonyu o'" h' 




ry riC" 1 ',*! r/f Msclr 


tt fir/u 


deter''ination hy bnllifig ow'v ■jf.tet t-n ' "'"IL’o'' , Jr-”'In,- ';y 

ovPpOJ'etinn f-nci its ■omctiorl arnll ."'lio , hoa,-*.';' -y 

hu:?iidily^ rorr??r.t.i,on r^f rdat, ■’ 'r&lnctl-v., -onroet '' 0 * 

radiRtion, an:i simole nracfcicol oxr oB'-' nf Iho , 'm'.iI- nc r fr.r-f 

oL‘ enerp;/. 

Rectilinear rrupngction o: lipM, .l.r/'ons, cry oolin.ses, J',c~ 

rioctlon and refraction of light : :j '■Imn z\iri'-'n'‘s. Inr f nx 

divorpilng lenses. Definition of focc.] Irnnih. Detori-iir’tic : hy 

pranhical methods of tht’ position apn of Imr yes fcifncd by ctn- 

vt-rginr lenses. The camera. Tho eye ''S an optic:'] 
correction of long and short sip-ht tronte ) onnl Itn•:jvoly. I-nrnjfying 
glass. Dispersion of white light by a "Tisn. uj;lrlo !,rcatnaiit oi 
colour by addition and absorption. 

Production of sohdc by v ibra tlot;? pidtcri* 1 rialjm: nocosspry for 
trsnsnission. Relatioi* bet^jeon froquonay, upv*' ana velocity. 

Velocity of souinl in air. Echoes, i itch unn loii'inoss oi r /■msieal 
note, Meosureaent of freqweEcy by aJj^r'le iiwthods, aeaDrm’''c6. 


S l®p le phe no i':® nn. 
of 0 lo fHGnt n ry nagn: t s. 


0 -# ^ 

TIh; 'C t ■' c ’" ? 


i’ 


Bloctrificatlon by frr'cir.o . 
conductors ana Insnlators. Pryn^t 


• r- 


rtj , 


'701 


^ .5 ^ t«« » 

1- V ‘1 

1, , .1 < * * 1 *1 <« f'' » y VI -y* 

1 - 1 « V " V' j s. « ' ^ ^ 

Iheip!'!. j 

'■r ' cl'cti.*:,.lytic ■. f 

ctr''; 

b’~ i'' , - 0 "‘C 'fi' 




nii'ciilt lily .U1.1 In;- ir-'...-,, > r i*; ‘ 

rncca. iJli-ctrolysis o!' rillyt-y :;i:slr,hur jc 'cJ'I %•'!'c 
end of CDpr^Gr nulnhalc soliition '^rlTr. n- '.3, r-; i r ■ 

nlaf-.Jni-i. Sj.rns'.Ie coll, nolcirlsatinn, -'n' 

i o tc }it ? £i ] n rrf fo nc n „ Oh'-i‘ ■ !/■’.?. g Jir'- 1 - ", 

riid Vllnvjatt"’lonr . ''o'ln;/ c; 11 i;-'!■'/'c. fn 

use RG an r.'naeter or g volt-.-vt'r. Ga-e-ir, n 

pr^neipL^ Ox xu- ci^ctrlc motor c..-:, '-pov'' . 

c a i V e r ana ora n , i i t te r. 


‘ < ’ : ' ' I'j ■” 

« 1'. 1 2’’ 

pj^Tw-* nifT"? 

i ^ ^, ' ' • 

- G"r" ''liv v'l it 

■ I. ' ii ] .' L)T 

.r ■ n’or., dts- 

'Ipi- i.‘;l ‘*'fir'fK3 rc — 


GI-I^MISTRl. 

Where nu5» d± t. Gubstonce " 2 ven vj tt..nuT s,i indication oi 
tue limits or treatment, it should be unuerstooa that an elementary 
descriptive account of the substance ond its properties is tequirod. 

(1) Generol Theory and H’jncinlcG (to bo illuGt.T-;>teci by rffarence 
to the subject-ne-tter or (ii). 

llatteri solids, liquids, Eases. ?union,SMbllra?'tiori,ovapDratlr'a 
boiling, distillation, diffusion 01 pasos atiG s-oiuiys, Solution ot 
Gclids, liquids, and gases in inter. Guspenoior', nrec^ pi 1,1011, 
filtration. Grystalliz- t 3 o^j zro”-! fuss'.l s&iinG fro^i solutions. 

Chenilcai Change. Catalysts. 

jElements, comncuji''’s. Allotropy. 

Atoms, molecules, symbols, formulas, Valency for use In slnplo 
formulaef cclculation 01' percentage com’''.ositlon ot no. frori 

for ulae; equations. 


/ *' -< 

fjciW-tion and rodnctlnn (fd-f j rjon uv .ub? 


Lai'/s cr ConGorvatlnn of "'inv, r,n' G- 2'V )'^ G''-; to 12 

»"4 I f S' .1 


‘.nd 


hydrogen only). 
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Relptlvc r.buir’sn.co nC or.’-! 'rn cl'iTn-.i ^ /n-:- o 

iPCi' 5 cr XoiiT' soOiu, ^ ss^ivi^ ^ IHt; orr^O'r 

Electrolysis, Ions. 

AciOs, all'-plis, bpses, salts. IrGrpraiio' 11 at a, by acid or 
base rno ; cia cn nietal. 


' 1 )■ '■*, 


(ii) Air. Aries tilcy's - v'“s'-“r’r ■ c ;i'5 . ‘i 
rreprratlcpi of oxyccn rn’ 1 l.s (amui’'ciu fb-,.-- 'o 
orgF-nir.ns fnd t-rcon os oonstitrenti: r.' air, 

Eycli'ofcn yr-.'po.r--:T from rci s rn' co.-b'-r. i rn nr 
hydrogen. Hydrc'n n rc-."ucin' a; at !'*'!.■ :* ; 

\j?ter os on ox1.de of bydi’o "ri, o • ".i-^osltree ort'r 


t-H' 1? bar; toxy 
’■'1 to e''T ■’'':0 1 


yt I- eb T« 5" ’ f 'I P '' '’3 pi 

’vt :* r . laod rreiors. 
.Tt' r bv ■' ■''•hi. 


1 

- ft 

- 

-bus 

tior' 

n [■ 

(" 

r?j ‘ 1 , 

C-r 

v\i 

n* 

-!e, 1 

lern.!" s 

q ‘ 


^ 1 e i:''r 

» 

-T r* 

5 ri 

^ r t' 

^ * » 

; 

,oc 

■ ur t J 

n 

'-Ti 

' ► 

1 ' 

■c di'C 

■] r; 



0 ,f d 

Cl 

.'f’rx 

51' 

• t', , 1 


' rl 

XMie te 

ft 

p. 

V'-^t 


23 e, ? ^ 

tr' 

' 1 

, art-’i 

oil. 


clcjnencnry trer.tnent or ncfturri. t , '^rjrl nr- rr, 7.oc’m;*jrn 
of carbon dioxide by c? rbonr carbon * -n.' .„l''■. l ; ■ndi-c-jr; nxid 

nnisnnnus no-turo . Troperties ci sr.-bbiv, ci.•f’rxn' ■ t> , I’jfrbonpte, 
Fuels: cool, cohe, coal grs, 'Toincer r, n... v-rtnr 'x s, retr'l, aryi nil. 
The Bunsen burner one the nature o’ flo“'P. Smi-e , Th ' 'rrhon cycle j 
uoo'7 end' coal. 

Mltric acid, lotasslufr, o'irionlu'b ''n sed-'u'- n.U; ftrs. 

Amonio: Its syntheses (conditicro of or-ctl:n bui -f tochnlcol 
deta-n.s) end catalytic oxidation. Rtncctlnn \>Hh och's, -5 or lace?,ion t 
-Cron salts by b£.ses. Laboratory nrenarotini. Uses of chloridQ, sul- 
•'hate, an" nitre to-. Ill tro"-on''us fort-Jliorro . 

Sulphur: prin‘-i’‘el vises, in':-hiu* • 'r-Jdo* Lnl'^'hiirlo acid; uses 
prepare tion by Gontret rpoc css, ec ti no .i-d de'rp,lre h* n ■ ^ ec-nt, 

calcivit^ and copter sulphatos. bine s * i'< -.!• C.r^ rs■'/i 




“ /"'VI “ 


Sodl.Lva chloritV. r*'injn'c r '‘‘U '• 

•fciori, ol lla occurr'-ncr^, t'bvisinrl r.poy-'rI,U;'-, ^ , 

p.lr, yatnPj rnd (iilnto hyrlrnrhl-cel' ■ '> ',•■ 

sine, iron an", sbeol, IcrTl, ropper’^ r.nn n'-rf.^-r'i'y, 
.actalG, inclndim r 1'ctroplatj na for c'y , 

i'a.Gic characlor ain' ns-T. r/.'-VPi ’ 1 , • l"'':'"' 5 

"lortar and ccnrjnt. 

For thr. botiffl'c ol' rjah''‘'olG \:h 'd ‘tr.";, ■ ' '''■ 

G'j'iicral ij ole PC'? eruroe, one- nr b'O tdl''.Fp, ’< na- 
on th-' rdlowinis 

An c-lei,T.5ntr:ry tj'e-'ticont r‘." th; oryFii' ' *n. "O 
seel inentary roebs . ben thorln" •'• n'’’ arer< ’'.n 1 e- ^ ^ 
Folbl nr and fault ins. 


u rr 


r tbuoo 


^ 1 - r« I ' 


t' 3r'V'-ni. -n:’ 

, • ,.-7 1 far 


Lie; LOGY 

Candidates vrlll be x: zVvj ny An fnrtin-or, 

ol‘ livin,'- organisms and their no^e o^ lifo: it ’rAl ^ rnnnTi.od '.hoi. 
such studies have been based ns far -a 'onsM In on -o-.r-.ria i observ tio, 
of actual livinc plants ani animals both i?\ has a icl'i 'u'u J.n ta-u la¬ 
boratory. Criudidatos will bo cuciaciod t- i;n ;.Mo f/; 
experiments, to draw concludnns tb-rorroa a/r. in un orsta-/i xl:o ne¬ 
cessity for control esperiraonts. ;UOr;';nlo/b rp-i / d r .:ko'J tIcA ore 
dGsigned to test the pwvers of obsorvdion and ror-o-n-jn;- oi thu cnu« 
didates. They may be r shod to nbsorw tiono 0:; actual 


animals or Hants o,nh toacscr-"b- v: ich thoy ^y mt have 

seen before, Althcn.h no direct qu. nlA.n rUI be on -volntinn, 
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crudiirton irlll be 'i-pocted tn iinacrstcnd 
eve. lutIon o.r or, o nls tig , 


the cpfi-iopti c.-d of the 


n-'O ons 


It X.J111 he G^{;]X3cted that 
oi’ f'. h.''ncl lens 'r, <'jhere 


orraninms will hn/o hoen studied by 
necoss;-r 3'’5 a '^■^croprrjector or a, cori- 


1.0 unci [jiicrosnnpe „ 


Tho chara.cters of livliir; orrp.n-i sns; 
aniraalSj "i.icrc-orp.an*ruiin end higher nlonts 
r nd oGpoo ir. t ly Man, yeast and bacteria, and 
pc c t i VC ] y, 


differences hetveen higher 
as :!lluotrrted by b niamnnl 
a ’'loverinc; a lent res™ 


r-rotoplcsm, nucleus, anti cytonlasn :!llustreted by 
plant cells. blcriGntary facts about the co"!positlon oi 
orr'tains, carbehyurates, fa-ts. salts. Cell nultinli atio 


anoaba ana 
; rotoplasra 
n. Croi'jth. 




Conditions necessary for li.e. Sterilization by chenical octioi 
Effect C' ■ tomperaturo on the activity of yeast. Biolosical effects 
oT hiyh and low temperatures including their application In refriger- 
at lor and st^-Tilizat ion by high temperatures. 

nutrition. The three main types exenrCifiod by a flowering 
plant, ibenr and man. The constituents of an och.'quate human diet. 

Th. interdependence of the nutrition of all organisms illustrated by 
food chains, the ctrbon and nitrogen cycles in nature (without names 
of specific bacteria). The part played by enzymes in difGstion and 
synthesis, 

Respiration. Essentials of respiration in flowering plant 
aM mamma 1. 

Movement, Locomotion, ol animals, and tropisRis of plants. The 
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IjI. 


SyllyV'UB in Genoral Sciun e for the first throe 


■'/cr-rs ot 


t\,e Senior SocoriSrr'/ Sohooln ni' Sootlf'16. (in+ to to-f ) 
prosoriteS by the Soc$iBb SSu-otlon Co-.vJ Stec Tor tu« 

Scntioh Sohonl Irovlnr Cortirinct,e Tto-,!.- tier, (inr,7). 
or.ecioliss'tijn’Will co«nco in the fourth r. 

' ip\ . _ p^ '>) 4 ^ 


iT'Vici *"*!”'iijGS O— ^ ^ / 1. ’ ^ 

The Tjunrion oprncj^ thioe ^ ^ 

S *ti CJ "t* 0 0 
(TcLtions 

'"'"loXutlon, filtration, evaporation, orretallioation, ms- 

•H ■ ju * « « 3 i:> Y\^ T*"^ i" T OV1 0 l^r*^ « 

tlllatior, snllii'TGtion, scmrat_o . 

I'Jei'tht < he nsitv ^ ^ ^ 

-- -hn lances. Da ter'Ui notion ni. ^he 

uso of onrinc, Butchart an- Dean hal,-nce.. 

, n«-1'^ n-’ use of ti-'-O me I surm, ? 

tensity 0'' ooUfis and liqui'ls, '*'■1-^“' 

h UP G11 e ar\ci p i no 11.0 , 

TF 0 1 

E^epansion solhls, liquids c,nl 

. todlstlnsnlshhotveenheatan tonporature. Gra- 

Kxperln.en.s to . , ,p„tors - cllniem , .oxl- 

duation of a thermometer. Type 
i.\uni enu ninimurn. 

f Phosphorus and the re>stlns of Iron. The comoosi 

The fuming ot phospno ^ 

tion of air» 






Tfc r'jiG faisrn 


J*i 


/i-pG 1 T lAt^ntiS "tj 0 gIioW lillS I'lOfJflGtlc ’■‘'.r'''! pG 5,’t XC. oX' , 1 u'’'XtX11P 

Oi nGpiiG 1jfj , i'Gp'nDMS oi d.0-j'liG^nG’tislnp cux' prsscrvlni'' pic ■■nc'^o , 

'Xnpnetlc induction, 

Cheniist ry 

Physic; i 011 X 1 choraicrl, chonpos . Cloi.pnts, ;:i :iuvi'-^o £.n‘'‘ '''or'’nr'Ui3:‘s , 
X)istlnct jors betijecn c mi^ituro ot iron r.m' rmlchur, ; tc-ns t no. nnlocule 
Suc-tcco Tension . 

■Si'piiG ozp' rinnn'tG to illustrrto surface tons'.r'n, 
rjjnlopy 

Gipnc o'l' Sprln:. Doyelopncnt O'* the trout observoo '11 .se/nool. 
Chnrf'.Gteristics of winter tvjifps, Gtruotur'-j r ni or tiO't of Geecls. 
The ijorts oj' r t'ioworinp: ulontj inciuGin:, the study oi floweTs. The 
errthi'juri'i uni its inportoncG in npjricjTlturo. Th'’' houc/.il''' .-■fr' the 

butterriy. 

XTOTLs Biolopy th, Btbruor;/ rnu is to3:on on rlturnrte 

days v/lth physics or chemistry. 

SC MCE - SBCC'I'ID Yb/'H . 

B ioiopy 

Signs oi approach <-'1' winter. Revision o.' flower ports anc Polli¬ 
nation. Fertilisation. Dispersal of Fruits ana needs. Structure ont 
lile history of a bird. Plants of Bulbs and Gorms. 

Pressure 

Distinction betv/een pressure ana thrust, Eaiperinionts on air 


prossure using an air pump. 

Rectilinear propagation of light. Shadows, The oin-hole camera 
Simple direct bsam experiffients to show reflection oi light froni 
surfaces (Plane), 
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OXY' Ll 


H''-) a tin; o i ‘ ie r' ;ur;' oxici e, 
liiri'X'nesji; cl-ioxido, Formation d' 


Ho a t;’ n,-' 


r,r iol'^ ssin’a - blr'p^'to r'na 

?' c -5 cl s ll nc h 7 ■■ e 0;: i ■ 0 s. 


Aejns^ Alk a lis and Salts 

Ch.nrf-ctoristics oc ontivion loLore to 17/ 


ciL 


Listinr/' iot'jnr 


tosto Tor acv3n - (a) action 
i]ioxlclo ;‘r:.ia so lil carbonates 
Oi' sett, ireoarat]’on oi so It 


on 1 nrl Ic c t o r j ( b) 3.ibo r: 1 t r* r, - c 0 rbo .n 
5 (c) reaction oi” olb" 13 v:tti 1 oriatticn 
G by nontro-lisation o*" ;n l ilia 11 by on 


c c id, 

Tbc action of iretals on water, sterr; und dllnTc acids. 

Ii:/dro. on 

preparation, arv'' nsos. Gorl r" s. C^^nrjcr sulphate 

taost Cnr water. 


H loctricity 


Wirin'' oJ' a simnlc circuit. Vh' 
CondiiG toes 5 rGsisbors and insulators 
1 urpocc Oi' 0 j'uGO. 

Li.ciu.ld I TO a sure 

Experiment to show pressure at 
jUTiporiment to show pressur-'* denends 


electro’ t; 


. liQCt’JTi 


ripht I'lnpl' 
on '..eatli. 


na t r n ci e 1 g a t r ic be 1 
rii’ect O'” r cue rent 


■G to 'he surf Pice. 


'! 


BarQUOtors 


The mercury barometer 
I'ransmissifpn OL host by 


. 'j'ho a-.iGr:<ld bavomotv; 
c onciuc ti n n, c on eo c 11 on 


r an". 


me 


yi r* 


3 (,0 use, 
d .1 at inn. 


Carbon dioxido 

Preparation, propertlss, com;-'OS3t1on and u^es. 

in nature. 

The Lover. 


The -r rbon cyc-lw 


Law of the lever. Mechanical 
Biology 

The development of fro- spawn. 


advanta- 


Structure 


?ri. nc 11'o 1 oV u.ovG me nt s 
a net lli'e history of 




A-iocdjp . 

brnctnre o.‘ ■ p lo nb cc it. j r ‘c■ hi .! i 

; n t 

'V 

nt - ' 

CJi Gil Ml 

' 1 1 ra• 1 L, L’o I’ii'iP.tion ''' bl'n'''; otp’'c n"j' ’ 

: 

-? 'in<' 

bi '-ns 

oi bl'jO'’. 

Jilery] vessels. A ^rcr Is in r^n c- b.l'"'.'" _k.. - 

l1’ 

’i 

o 

1 

horirf, an" 

cirfinlriti'jn. Elrod to'iporrtirro - '.Tld m 

'r c' 

1 111' 

0 ■’'Oii 

animo Is . 





i’DrAn 






11 


Di' 11-,, Tlif' r.llnfjntnr:;- cc nr-1 o' 'i:n. Fc^r frl Ix'c i.ori-, nlcvTlts'i' 


Carl^^oliyilro ".Gs, gIg anri nrrl.oinG. 0 uv.-i s cn'" .:. 

Ugo fv* 'line .-^l s£-11s rind vitairlns. ll-i-'-xt, 01'c ?:t.-fclr ^ in 

i^ipn, ^-ncp' rjiiai[]G on 0i-;9s1,ion ushi'' a) Sl.r-’ch, (I) 

liGjij v'Gcinctinn r'ni'l Inocuiotlon. riintr.s’'GjlhG5.lG r nri roj“-ivr': i'iii 
in, iilGn'.s. 

niGlo^y in vjfrinr Ter”, bepc ‘in Fobi’i;.* ,v;.- r nd 5 g tril'ccn 
on nltornnte -■’-••-yG yith rn' chcnrlstr:,-. 

sag ICE TUT 1' Y:/H 

Jjj Ght 

Ivormctlon. oC . ECfect r.f conver' inf: nnn div^ riinr lenses 

on nsrf 1‘iol beams. The magnifying glass ana the eye. 


Archimodes Principl e 

Experiments! verification. Application to finding the specific 
gravity of a solid and a liquid. Experiments,! verification of the Lav? 
of Flotation. The Plimsoll line*, submarine and floating "ock. The 
direct reading hydrometer. 


Hadlation 

Emission and absorption. (Revision) The electric radiator, con 
servetory and therraos flask, 

Heat 

Revision of effects of heat. Anoimlous expansion of water. 
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j-To 0 s VI r r» rriQ ni: o J‘ H e; 1 1 

Unitr, - therranl c,opacity anrl ’.Jotnr eouiv'*lont n? vessel, 
opeejj. Ic host by tlio rnetbofl oC tiros. Lrtent liect. 'b* odcI 

Lrtent, Heat of Husinn of Too hy the r.ptbnt^ cf nrrturos, Ibvorinent 
|-,p al"jo\j vnter oi-nr-ncio on freesIny r.na leo crnt:r;cfo 
iiCjltitT' -'OjnL , 

bctor-alnetion for nantholone bx'- c,'-'nl3..np ciw.-' 

--ITec !,ricily 

I irwill I JfciM 

C onv’rsi nti of cheiilGo} to electric- 1 ene rf'-’. 'fb-i; si-iiOc voltaic 
cell: JiOi.'leificiio coll: tlry coll enf oco'eMn] .-■tor, iL fs lo-.-. bini'le 

00lonlo lioiis, Go*! 1,3 end rests beiicos s'ri-'S r p; ‘e .r-le 1 . 

If pro 'cisr, 

i loltibi of sliiiole 'T'‘™nettc ficlGs. i'c'pnely’c '’f" ct o'‘ ' p olcc- 
i'.r'c viurrco t, The electric motr r rnu fy.-.r ''to . 

S r'ltiVl 

'L'bo oro''UGtio}) me] tronsyission oi' r-onno . Vcilociiy in. fir. '''n- 
tensity, pitc;h 5 ouslity. Eeflecti-r' of sound. 

C'ne riis hr;/ 

i'ction ei' her’t oir'i Bcid on cole’in cor'." nr te . f'etor"ino Mop. of 
MorcePi.ayp i/oi.pht of csrbon -lioxicM frrn chriy, Ir-f--vora’ylop of col- 
ciuJA bicerlr-nc (Xi solution, Frcncretion of ienrporor'- on-' mr/XJUGnt 
berd uetor. Determination of df'pree of hardnes*^ ns1nr socr, solution, 
i'otbofs of softening hard water. 

Boiling i-oint 

Differences between boiling and evaporation! Effect pf rapid 

evaporation of a liquid. Effect of dissolved euOetances r,n tho bPl 

■ing point of water. Effect of pressure on the br-llltis point of w.-tor 

-a^AT^tr^n nnint of 0 liould by vspour presGuro 
Vainur pressure. Boiling pofnr or u 

method . 




“ n?: 


jol lJ-n" I ' jnt 

i'j r Cc c 1: r 1 i' j no rer ,?e t.'f 


rof''-'!’: I'in a. 
i .r , 'i I'O 0 K j n; 'i-:t,U'*" es 


^rcijr'iiL'!? '-''1 11 in cj3 
iirfect oj‘ dint^olvni'! nn.hst. vjX 


f.n 


rn ii 


'■ip’ f '‘.PC*: 
loli’ji' 'f'lnv n 




' T 


I'hvct?'. ni r'-oi. Fivac tir.sV'. n 
ni p'jjlnc.-Ler by rnriir. abinlc e ncr’‘f''niv,- : 
'ipn>\Tnn in rr-'.^yclo. 'i'ho inrort,-ren ni p-n.i s 


‘ r"' ^ 


Ml -I r 31 


pn ' j.r; . 

] ■ I'P : -v: r r j ’P 1 


r» , 


bifo. ihe 'Pb’j bf'DGis Finn joints oi ' nr i'nil ~ lov 'eTj-s 
rniM-’p-vrinccj n.tT,^ L'unnr,ion.s of tbo r5~ii op-' sis ;ia n noi'''"!. 
outline of nervous systo’" in a I'loor'l. Cb; rncierint:! so 
bi'inio, rihnucbure of iho eyo ntr o-r. 


Oli.’n*^, / 

■■‘'j’io r 
Ijvinr 


'b'bjjs Bl; I'or,:/ bcoins isi Fobrnnry an'" •^’r ir 1 n ^ m It.:;']"" re 
(Iryfi {/itti obysios oi’ che nis'br-'. 

~”“i! — 






r/. 


AToich'P's rorVIn.- Syllabur. in ! lici'onnc i-r t'le 

Jjj,L‘_, 1T ,s;I i'Od^i’n i>ch^'oX. j-iiGoi'','' : ]Ki . I’l' -■ i* 

Four y-i'i’ Cf'Urr-je. ,ifi; ax? 


^i'bo .'oiisiTt 1 .‘lini'j r,f ibe schcnr^ nre 

n, i-.c 1 n hr nr] ik‘.g the nur-il" to the ’ enicrt !-ri-; r:oi' o 
oOi'roonl int ? vrobleti (obsorvncnrt-'n" lOtn 
I,: tion experiment .--nn r pi'lin,- 


to roster r hor ithy cnr:iosit', ;onc-rr: o', ',h' jujo, -.’hy 
el 'I 'whore ol s-iV‘ I'y-'"!!'’' h' ’"'■''■on.i'nr's» 

bbt'O''' entc. riro '•riprorchci by (a*) ;tn'Jivlo.nr i c-’-i-:'.'3 exp'r:ij-icrfs 
o.ji'l (b) eVoos leonofi” on runcir’montf T oe:]Gn:-if in ’-y'bic ' "loo ; nr' 
liiei’'’ ' I'o] 1' t T on . 

■j'-io exrjorimenbs f-re iGtrilof on ver! .orcb'. ".i on :rr:n^ed 
i.i'V' t, or;out 1,13 rty rii-Cferent ox"neri''-!en.ts my loj nr do Vy o.- 'lii'l.o^ 
■'.x)r'\in: iji'llvdiduelly^ dux'’ln.'' ej.ch selK'ol yerro. T'oriii" the 
L’nnrU' yro-n; r,u.'.-iis arc Gticr'urojqei to '‘ollo’,’ any imrsr'nol eritlmsiosio 
or iirr, oh'prlG any ?'jroblctiis relevant to ihein nrnpooea oconro t3nns 


O'i I ion rjny ririse , 

(Althonrh it is recognised that b;-- tlie c-- otl on of this 'oeti oa 
0 pun) 1*0 vork may lock continuity it is felt that this dio'ftvnnti''fe 

is for Qunweighted by the facts th"t 

(a) working clone is an adventure whlcn colls for oolf- 
relionce and personal effort 

(h) since only set off apparatus of erch kind is nee-'ed 
it can be designed and made to siiit the particular 
problem 

(c) the need for storage is reduced to a minlmura). 




The Icsnona ~ r.hort lecture dG:(!onfjt 3 v'i;nie :n ■'■'ir’-: ~ 

are i]'v:C‘noj:v'' t'"i ^-jold tiio praetic: 1 i-?rl: cilr'a r',":11 '■ 'h. ijjtt 

tiic ■•roc.csses anc pricticoG i-Jiiich il’c puillv ebrvr.ro h- i. in 

day, hu-j-jtton t1rae ana reports xi’O'i stu cans r ' r; uns • re r; rt 

u-' riia GChona rn ucH gs 'out o? schofl' cell ct.i ari s ■■c-h'ii'S, 
pic taros nv * nr, Dr'-'atioru L'ho^’ nosslolu, ’.jn;*] :e hi,!' -y -a'll 


ty i-i- 


a-' 1 irifjor ia>'' on ana ur.ll'ctio)' i'’‘o,it.r,j!icr'taec - : 

d .h''j d\a. Is \j'il] h’l; encourr' otl, jra.urd spoc'yriv. :i‘-in, e'dallvi 'jd n 
ceDst iu the rii's!. r-nu s-conu yc v rji.'iils n he • c uc t rji.'ni ;;1 i:h 
*i 7 h<'t' he t' he I'onno, ^no tnird ’jiTl ■‘o'V'iaor ''jlcre* n. ’’dyr’ end 
lire toiuth ulll f ttei'int sorre simple o^udy in yrolo y . In 11 or 
tho i 01 racoruinr" pl-ico, tj^io ; ru'i r'jondi 1:1 cn'is y’ll he 

0:1 he s i sed , 

Vji'cn use or Humphrey F'tc. hG.in .-ve-iIrhlo h'i tae PMr" yen' 

r.n atla-aiipt T,' 7 lll he wide to Tjrepri-c (hy cMnstueiv.t:l m oi t.h I'lora 
Gjy,' faunr ox such an area) for 'r.ne investipr tion oi strait* narticiTlar 

j'rohlem clurini: tho stay, 

Althnugu tue main scheroe Is tho sr^me for ail cUsses in trie 
same op'd group full allowance v/xll be rriside in lL'- prosenu- »jion ano. 
Gxsmimtlon ox the fox' the inherent axfferen.,es butween i.h« 

*A* ’j 3* s.n.u *0* groups o The accuunu ox aii tixneriffl\,.n,w recjuiied. may 

vary, accordj.ni5 to ihw capacity ox th« scholc*r, xToni a comr-lote 
■written statement with argument, conclusion and application, to an 
annotated diagram and oral answers to questions. The importance oi 
diagrams ana tabular forms will be stressed with all pupils. 


On suitable occasions use 


will be made of the Film-strip 
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orojector anci ’biological specimens ejcrninyl by t^iicroscopt, anu 
nicro“prr jector, 

Class Lessons 

Alrjburningj rusting anC tarnishing ,Use oi clonr varnish. 
Units 01 mc’^suretnent (including metric system). heed for 
standards (collection of ezf-mples) 

Thermoneters - kinds and uses. 

Golar system - seasons, d-y and night, grrvtty. 

Tlsre ” clocks. 

Bicycle - leverage, the nbeel, friotjon, gyroscofxs , 

Unsical instruments - sound ingonoraL. 
atructuro of riant ~ life circles, far is of flower, 
e.i!;amlnation oi tyoicol emamnles. 

Investigation of a ^’.ond or stre-.-^’, 

Human physiology - sim<'.le account of the or'-rni'-i or the 
body rnu their functions linked witn simrle First Aid, 

Lives of selected scientists (c.g, Priestley. Frsteur) 

Form 2 . Heating systems. Law of conservation oi ennipr;. 

Basis of chemistrv. Law nl' conservntinn or -antt' r, 

Atoras , molecules, mixtures and coinounds, acids and 
Alkalis. 

Fhotogranhy, 

Accurate measuring - vernier, screw, optic-1 lev r, etc. 
Solvents in industry. Varnishes, dry cloanint elc. 

Dangers. 

Structures and strength - bridges (collection) 

Colour - the spectrum, ralnbcrr. Tricks wl.t; coloured light. 
Digestion - function of glsnas and organs. Absorntion 
of food and elimination of w’aste. 

Investigation of pond or st'-ean life - identification 
of somd natural orders. 

Form 3 . Tfrnperatures - for cooking etc. Change o’ siate. 

The eye and spectacles. 

Colour and flurescent dyes - modern detergents. 

Electrical installations - dangers and pi’^d^dtlons , 

The baroBBter - mercury and aneroid - altitude, weather, 
air pressure in use. 

Water oroofing and v/ettlng agents. 

germs and disinfectants, l^ork of Pasteur and Lister. 
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Grn’''in:'; > ^ nO the i (<’. rr^it) 

Jins oirri hi on tn rliffct-enh r.rde-e !>±' li Cc . 

BloocJ oiroulM.ion - h^^olrl tr^isnsion - Biret /-'h., 
ilonroc'Uc hion, 

(’i'so oT' • In rorovence b b'b'c I’lon M’ sncc^b'icns 

from f-selb f;na stroom. 


r-*'or"< 4, Prcscui'G cnolrors, eloctric bi’eno „ -■ s nveji.; c ho, :b'‘ tho 
j^orie. A)itcm.'tie elcctr;i.c beviC'S. ■ yn'mtio <• od oleotrbj 
^'jotfT , rTPct.icG.1 pboti'f’rr'oh/'' - opbi'r.l insIrnneuln , 

ToxtJ.lo uibres - r'-iCot;nition ana trontmcat. IrrocssoG, 

''Ai,e kIoo'i c-nb ' ns 0 Iphorn'b ct. bnr.1 ion ctioinor. nid ' ioi oo’.j , 
1:'’itne 0 3 aTo.r ourrocG of 'A'tjrials In bujliinpb 

Clor.jiinh r .'‘C'nhs - solvents, cla i.er'cojls, blerctios o ic . 
Toriincrinr: steol. Stahi.v at some rimcb’''meni ■ T nj’^pr'j’i ics 
sucl' as elasticity, hrrness, tno'-im-ss * 

Introduction to ecnlovy ~ liJ.'e cycljs, nitr'-yyac cycle, 
Cf'rbon r]-jcxiOe cycle, -'b'.nfc an' a.ni'yl coomiinitles. 


vlhcro possible these lessons ■i-j;ll be supnlci'X'itoi by vi.sits 
0 rectories to see the nrecticrl appli'n tions. 


List or ETynorineni s 

Forms 1 end 2 

1, Conauctic'n 

F. Insulation 
1. Convection, 

, The rmoineters 

5, Fxijanslon 

6, Therraoraeter scales 

7, Magnets 1 
C„ Magnets 2 
9, Magnets 3 

10. Magnetic fie la 

11. Reflection in plane mirror 

12. The curved mirror 

13. Reftractlon 

14. Pendulums 1 
16. Pendulums 2 

16. Measurement of length 1 

17. Measurement of length 2 







1C, Rcx'G\j rule ro le r* 

IB, Arcr 1 
eXA i^ren 3 
32 . pi. 'b;/' -u’ezf^lit: 

2‘i , Volume ot sollCs (rect;--. <r ) 

d , VfjlupTQ or liquids 

31, VoluiT^ Gnu. vjQigh.fc oi? . 70 lor 

CG , Volume liy d is •niecemenl 

3C, Oenlre oi gravliy 

37 , CriLii lib27 turn 

Crx Hills 

3r', A lasii c 1 ol aii* 

3 O , De ,' ).s :! Iy 

Cd , Iri'Tueod lines ni lorco 

C3 , C Cijns uTuc-tion o £' mariners' cofonr ss 

13, 3 i 7 1 y le --i alleys 

1''' , Tire SIP ring "be la nee 

3G, Levers 1 

36, Levex’S 2 

37. The steelyard 

* C. , T he c tto T n ±0 s. 1 10 . la nc o 

39. Vieighing with 1 n. rccurcle bc:i; nco 

<L0„ Filtration 
11, Solution and. crystals 
The 'bunsen burner 
13. The bell-jar experiment 
•^11, l-Iali ± n g oxy gen 

15, Distillation 

16, Pi-c-" ds aoi alho lis 

17, Solvents (alcohol o-nd tnrnontl tie) 
IG. Crrbon dioxide 
19 , The wate ■ tap 

50, The trap and syphon 

51, Model 'flush box' 

52, Ties and struts (parallelogram 

53, Sound in vacuum 
51 , Monochord 

55, ResonarCG 

56, Shadow box (sq.uare law) 

57, Pulse 
5S, Lung ^capacity 

59. Flovjer structure 

60. Identification of starch. 


of forces ) 
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0)j' 

enpe rinent 

0 Forms 3 and 4 

1, 

'jel'ciLi^' pi 

Ints » wax and colnors 

o 

1 -J 0 

Frying and 

boiling 


Leases - r 

aybnx 


Quoii'tlty ~ 

se nn rr t inf': ': ixtur o s 

r: 

The spectrum 


Cl Cnloured 11,'^ht 

7, Cl no true t Ion of tolQnc'’MTe (as trononlcril) 

C, C(instruction of teleso-'(Galileo's) 
f rchli'iec3es * cylin^ior 
1C, specific Grp.vity by iwncrslnn 
n . Enoyancy - the liver 
IE, Tho h.jcJrcwutor ~ uaoo 
Ih. Blocls and. taclcle - pulley systenm 
11, Inc lined olane r ir.i acrevj 
1C. fitch a n: p r o i i le o i th • a J s 
If). Frlctjon 
17. Vis CO 3'i by 
IC. Automriti'- synhon 
1C. Vj 1 In e oLiia-' - vr Ives 
no. Soap rliras - surface teasinn 
21 . Gears sna mechanic.' 1 advrntrpo 
27. Conluctinn sno Insuletion of electricItp’- 
23, Voltage 5 current nnci resistance 
2'^', Sources of electricity 
25. Fesistqnees 
20. Syitches 

27. Heating effects - fuses 
25. The O.C .Motor. Model 

29. Electric Magnet and bells 

30. Lamps and uattage 

31. neutralisation - acids and nlhalis 

32. Icid on carbonate fire oxtin^puicher 
.“'.p. Solvents 

34, betting agents 

35. Jlnulsification 

35. Hard water - tests ana nrevention 

37. Etching with acids 

38. j'littors at cnanglo (Kaleidoscope,trici:s) 

39. Lubrication - wheel and I'ucle 
4.0. Brakes - \^eight and area. 

The construction of scientific models ane j.ndlvidual invest)lgc.tion 
■'Jill be encouraged. Experimental proceduro* \j511oc checlcd or sug ested 
where necessary. 
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Sfiri LJ _V 

A I'Du.i ZOcAr OoursG nt GsiicsrPX Scio^cc T,'i'‘_iscr'''_tc;'’ .T'^'x* lX'j 
L A'v;h6r Sec on Schools ol' Ays or o Sir, he, 

U, tl-, 


GSJICRrL JCLAIS'a 
Gloss VIj-X, 

(Pj ?iours nor '■.'•soh divided into -I -.oricUG o. 

46 minutes ecch). 

Unit I, Lire Studies; 

(A ) P lo nt Lj.fc ; 

(j) rlonts “ Types: Kerbs, Shrubs rnu Trees i;it}i e:crraplor3. 
Annuals, Bienniols ena Pernni:'Is 


(ii) Uses DX' Pd.3.nts es sources rf clood, shelter, clothiru': 


rieclicinos, e tc 


O !> 


(iii) Different hinds of conr on crops ram regions ono soroons 
fnvruring: the rrowth of such olnnf.s. 

(iv5 Trrins ^^iiu tiOii ' nd Conservation o:*' 3 0.11 no top. 

(v) I uIgqg os fixiers of ITitrogen, Crop Uol otioi^. 

(vi) hconoiaic Plants: Coffee, Tea, Tobccco, /.rca Hut, Cocos nut, 
Suroreano ana Chillies, 

(vli) Aedicinol Plants. 

(vlii) Flovjoring Plants "• Seasonal "loycring 

Ci::) ’Jhltiiher Trees useful for srarvinn, furniture -'no building rTorlrs 
(z) E^'.rthi';ork as a friend of the Farmer 

Cz1 ) The parts of a typical flor/erinf plant onl v. .oinnle occonnt 
of their functions* Ti-ot, Stem, Leaf, Flcraer, Fruit and Seod. 

(zii) Plow-, r and Its parts 

(ziii) Pollination? and Cross Pollination. 

(xiv) Fruit and Seed Dispersal. 
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(iJ) Anlri-’^’l I'iAe f 

( 1 ) AnlniplB » Clrssificptinn ar. Yerti'b r'’ps r'tv liiver^Ahj*’ ■'cs 
■'JiAii r revf cjcamrtles ol' e.-ch, 

(i3. ^ i.'i od hiibii's 0 n'’.i G'tnic'turPL ir'iis mi' "pr”!/ 

Cprn’Woren, Rodents - t^jo r-alnols ox' 00 Ch , 

(i:’ i) Use Tii Ine s s of an inn lo (3 nx Ind Jna i nso e t g ^ no b j r r 1 s}, > c 
sources cvl’ fooa, ciothinf. - UrMipilt oii’nls 00^ Jets, 

(:Iv) Sourcos dj' bnol, SVln, lii'ie 0 0 Fcothor. 

(V) H;'r"irnl An'nals Induillnr;, Inserts on' Ulr's, 0' stu’c' or 
cljgepses tbrou^ah tho‘i 

(vj.j Foot and B'jrl or birds ultb reforuncc to Giif;!!' Bool hrV-its 

(vii) Anioal Ri.^rrtlon - Bird br'ii'in^ rrotecti: n. nf vilcl rninrlo - 


iAC 


t UP Ties - their nur poses aha locntioj 


C^i. 1 i) Wo-rn m Cold-blooded aniran Is 
(lx) Coverings oi' Animals 

(o:) Need for stora!';c of foaa in olents - Ctoi'’r''p ori'-'rrG in nlonts. 

(:ni) Vegetative nrupagation in plants - rnisini nf ’■'lants from 
laaT, root, cnttlnrs ana 'oy loycrinr,, 

(:cil) Living and Hon-living tnings - aistingnishing fealures nl 
each Ulna. 


("riii) Dirferences between plants ana cnTnidlb. 


Unix II, The Universe arounu us ■. 

(i) The Sun -- its size, distfino-e fromFarth, no-ture, sroa s^nts, 
sun as a star and seasons, 

(li) The iioon - its size, distonre Tr dm Earth, nature, nhases and 
tides. 

(ili) Solar and Lunar systeins of Calondrr. 

(iv) Solar anu Lunar Eclipses. 

Unit III. Nature 01 things; 

(i) Units of measurement- simple itaws of the Pendulum. 

Use 01 Balance - Density of objects. 
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(il) 


Air - The atnosphere around 
G;c*’rt3 pressure, Barone her 


ns. Air 0 Jpbt, Air 
uj'rlnA; emu cpMorr '.u"---- 


Co*''rposit? on ot* olr - increas'"-* in 'B’X’in hnrn'r." - 

Use oi' rpeyr^en jn eonhustlon - Ircseuco of pp'o an rr^i 
nitrc'f’on in air . 


Bug tins j prevention of rustin'i, use rX prints. 

Active ana slovj combustion - G 'pfcuctjon ■^n an' ai hnclp, 
Carbnn^di-oT-ciPe in air - i.nvi addod ana r'Mc\'co. 


Cnntnnination oC air by Jndustr.ial •■mc^ss, 
■breathin ,7 anc burninr , 


rof.-'c t i' f. 


A'Uter VC, n ur in air - Evan.orr ti'Ci 
nva -'oration. 


n o nd i ti os f r v ■ ■ ir i nr 


(ill) 


(iv) 


Condensation of o.’ater valour in rir -- 'asl, f o* , 
rain, ;!no\j ano hail. 


hater - natuu’rl saurcos - i" in - ri'a:'i-> - spi'lnp ’/ell - 
t- ff-: and seal, 

lPi''uritles in drinhinj.-; water - i-uririoroT o ~ hr’: olr I'A jji - 
filtratlO'' “ CistiliT'tirin. 

Hural and Urban water supily. 

Properties of liquids - Pressuro at n nolnt - urwrrd, do^jn- 
vcTdj slciGward. Liquids find thoir levels. Trrois’i’issi- 
bility of pressure - Bramah Press. 


Solution 


Saturated, unsoturn too, 


S',lublllty 5 Crustr 1 iso'? ion 


Mixtures - Properties of ’ixturG - mat hods ot so pa rat-ion, 
simple Physical processes - decantation, flltrotlon, 
evE^pomtlon, solution, distillation, etc. 

Physical and Chemical changes - Pour lyvns of slrmle 
Che ! 'lie a 1 ch a nge s. 


Elements and Compounds, 

Action of water on motols - Sodium, hagneslum anu Iron. 
Hydrogen - its preparation and properties and uses. 
Composition of water by volume. 

Oxygen - preparation, nroperties £n-d uses. 


Infection. 

Havs b’' whicft Bacteria get into human boiy - through food 
drinlcs, air wounds, insect and anlsml bites. 

Disinfectants > Liffle, bler.'’’nln"^ov"dep , boric acid, carbolic 
chlorine, hydroren poroxrida, j.o.-.-cc, potassium 
c..cid, cniorin s . Pcfif they are used. 


permanganate 
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Unit I¥„ Energy and Vork. 


Feat ”• Sources of TTcat 
friction * 


Sun.fuel,oi Ij co^tj 


lo< 


d t: 


-iificcis oi heat - Expunsjon I'ffecl.c on soLj'ic 
anc gases and their prccticnl a tlons J 


Mquids 5 


itierpionets ~ Fixed points of o ther'';!r"ietr‘r - tho ti.c; 
scales - Frhrenheit- end Gcnt.irrode Series. 

Clinic"1 Thermometer. 


CIASS.IX- 

P'-riods a Meek) 


Unit I - Life. 


(a) liuHian body - r'rimary divisions of the body or"-'ns. 
Direstive System - (i) need for rood - vsy”/ bidldars 
end heat producers - Different typoo of diets ~ need 
for balanced diet. 


(il) Digesbive or'cns 
rO-Sslnile tion. 


Process rf di. -stion and 


Circul." tory System » (i) Eerrt end blrrd vessels, 

(ii) Functions oJ' heart, blood vessels and blond, 

(iii) The b)ood contents, (iv) Cr ro of heart - ouls-? , 

Re spire tory System - (i) Or rns of ms riirntl'-n end 
-irocess^ of rosoirat.1 on, (ii) JToture or insr'lred and 
expired air - ventilation, (iii) Corr-at -'loje r'^’ 
breathing - posture, (iv; Cere rf respiratory system 

(b) Growth - (i) Fa^’t o ’ r bean ana rnr.iso, (ii) Dif¬ 
ferent stages of germination- Conoilitions of pcrminetlon. 


Unit TI - Universe around us. 


Solar System - fl) Planets, comets and nieteoas 

(2) Earth - Its crust, Elevation - Hills and mo!mt">ins 
depressions, lakes and seas. 

(3) Rocks - Igneous, metamornhic anl sodlraontnry layers 
and bheir ages, fossils and their’ signifieslico In 
tracing evolution. 

(4) Uork of running water - Valleys, Gor^’es, erosion, 
conservation of surface soil - afforestation, action of 
sir, water, sun's heat (weathering of rocks) (formation 
of soil). 

Soil ~ Composition of soils (mineral ani organic matter, 
their function) Types oC soil. 


Unit III - Nature of things. 


Non-Mo tals 
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'a} 


'Tifcror^en. f^nci Ai-n^P.oniln - Jlnturpl ‘ 1 "-rnur 

care In the use oX' ertifidcl fcrtllisere, 

Kitric &cl’j ~ ProneI'^etien, Tiroportiei: o.no rst.o. 

C; rbr>n ~ P-llotropic* P orms of cartrn. 

C orboiid io>zX.JG ~ 1 re on rations ^ ■"rnperltpr r'ni* nson, 
Snlpliur ”« Allotropic forMc - properties an- u-.es. 
SnXpohur ic rcih ~ Iropcrtles an^l usns. 

Chlorine - Preparetiru’’, nr^-parties an: vr. s. 


Hyclro'--l.loric acid “ i reparr 1 i r-n^ -pr'ciGrtio 


an'.' u; 


Unit IV - Snorpy ana Uorh. 

(c ) Haat - Trnsriolssions or ho ft - enjv uci-.ior', C'>iivp>c tion 
■■nO mrllation. 

Co’inon rir)]''li'‘‘alions - Ther'aos flas’'.. 

Do'.rnsMc hf/atin and air c.onclitlenini 

(h) Lipt.o - Lnminous and non-luninrus boclins. 

ire ‘0 'f'.tion anrS speed m lieht - L:Wht yner Urflectip-jn. - 

1 d .\}s Gl re r 1 g c t loo . 


llano niirrors - Imges in plane nirros. 

Cnnceve ann oonve:c nlrrors ~ TTaturn o inapes, use of 
the I'lirrora. 

Ee.‘r''ction - Path of e rry through e slob, e prls'■ and 
wat'-r (quelitrtiVG only) 

De pres ion of light - foriTEition of a min hovj. 


CLASS T 

(3 periods a week) 


Unit I - Life. 


(a) nutrition in plants ~ Photosynthesis - simple experi¬ 
ments to demonstrate starch formation in a green !<■ o-f and 
liberation of oxygen - Besult of overerrardiny in gardens 
cind fields. 

nutrition in hon-groon plants. 

Just a mention of plent parasitles and corm-ion Inscctivoruo 
plants, 


(b) The externals, 
sllkwork ana silk 
The externals 


hebi X 


habits and life 
industry, 

ani life h 


history of butterfly. 


is tom of 


frog 


(c) Excreti'ry orgahs — A brief hccounc oi th© work of 
skin, li©§s E’lna kidneys. Hygiene ox hair, pbH c-nd s.' in,, 
proper clothing. 
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ol-in rrf! lin- cliaoos 3 , 

systG.-i - Different ^-prto Hv- nf 


systoi’o 
e.lioril ' 


Br- In. Itn nrrt; 


' n. i I rn' 


NritupG Gf reflex rctirn *• 
3 0 !in o o rr- n ns - r, n a cD j n c ■ re . 


U •' i c. JI. Uiiivo rs e r ro ’ no us 


i^'ur ^ ,'j_alri ry ~ Or Lli gj tne nnn 'T"'' \’ne 'a lln 

4iD‘> i.'-c ^ st'i* consteHr t.Tcn - T'lc.'t v ’.e? nto 3 Tn t'on 
of 27 strrs, 

^tciTS - Dlsti nee, size, r nn nr ^ pitut“'S ■'i." strr’ 

nnbulr.e In our rr^-axy. 


Unit T'^i. Eleturo of thin.'-s. 


(a) Buoyant;/ - Pririciial of rren 'nieoos , rolatlvo 
f loat iny 1051 los, hyd ro nc tor , Inc !,rri - !,g v . 


C 0 ns it '■ 


(b) Lenses and their uses tntivo orl:/) Co'-y.ro, 

n-'cro3ocp0 <simn3.e an') cO'lj'runu). nstx’''nr'''jcrl t.elerjor.r. , 
C'K-T mar_ic lantern. 


(c) ITon-metnls - Phovsnhorus - r 11 otro-ij.c nodi''“lent Id ns 
prupertios and uses - ;hospbotesr s nonuren. 


(d.) Ifetals in corT'On use - C'^boperties and uses), Iron, 
copper, aluminium, tin, mercury, silver and fold - 
common alloys (Brass, bronze an^i solaer ends tainless 
steel). 

Extraction of Iron - Forms of iron 

Extraction of aluminsum (Electrolytic method) - (only 
these t-wo me tals ) 


(e) Common things we use - Paper. Matches, Inks, Soap, 
Glass, Cement (how they are made). 


Unit IV - Energy and Work. 

$a) Magnetism - different kinds of magnet » bar, needle 
horse-shoe. 

Properties of magnets - 

Barth a magnet - Mariners compass. 

Electricity - Cells and -ways of overcoming polorisation 
Daniel, Laclsnche (dry and wet), bichromate cells. 


Circuits - Switches 
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Effects of Electric Current - j „ i!. rt'n . 

frsGS, electric heaters, lif-bts, 

lin^netic effect - Galvo-iirsccrrs. 

tlectroiTiajnet - Electric Ecll. Irhncjrile of toleorophy, 
Chem.lc''. 1 Effect - Electrolysis ~ ’'‘Hoc ! r ■'olnt ‘ i; ■, 


CUSS XI 


(3 porloclcj 


Ui;rf I, 


Life 


(a) The Colls 
rnjry. 1 cells 


3 true turn rue fivision, 
Elodcr end En leno 


1' r,t LO.'lls l' nrl 


(b) Bncteria - useful - Fei'Mont.''linn, S" i’’ 
nofbnlar bactf-rlri, ;,utro'^y'*n luctcr:ir'. 


one ter 3.0 


5 


Hr-roful becteria - ''lisc. so ernriin'’. 

? . ThrC'Ufh food - Cholcr? , ty hole" . 

Ees' irstory »■ ConbUBiptlon <'jv' incn.'’''rir 
3, b.1lrjs oi' rnirncls ms insets - i,v 1 rie , -1: sue 

^iGthorls nf Dvercr'ninr; bacterlnl tMso'S.os, 

1. linturrl intunit’, , 

2, Llllins bacteria by drurs - ‘'uUine r n(' xcncilli 
Jry^unisatlan by inoculation oif cocc5not1on - 

Cholera, Plnp,iie m''I brio ll-Pox. 

4„ Antitoxin uietlod - Kabif flo' ~ Srrlo^ -ooi-OM., 
Refer tc the vjork o' Jonner, i-steur, Lister cm 

Fleamint * 


(c) Inte rede lenience of Plant red Lu’r'rl Li'c - 
Mention of Carbon and Hitrof:en cycles in nrture. 

Human body as a smehino. 

Endocrine glands and harmoncs. di semes, cn used by- 
defective functioning of tb,eoG glands. 

Vitamins - Foods ric in vitmtuis. Vitrmin dcficloncy 
diseases, 


(d) First aid. - 

Fractures - Simnle and comnound ~ •'.■ihieh the nuoil 
should attend to end which he should not. Cut end 
bruises, 
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Bleed I'-.f; - 1-re vent 5 on - liGatnroG, 
(r'Ofor frierly to ontiserbics). 


T3 ur ns 0 ncl s c o le s . 

Insect Bites and swke bites. 


IlespiiT'tory - ssohynio, LTrafaiii'-': - first ai.l jn 
li’airtinj; borjies » in the t’osc and "idor. 

Street accidenrs, Foundry and. sLocl'.s, Poisons. 


(cj i-Tcanic Bvolutlonc - f very olciaen 
J‘)nctrine of Descent srid D^n-jln's ciontrltutio 


j. ^ 
b 1 


ry :i,ae' 


ii nse cases 


of the 


Unit II. 


Unit ITT. 


Universe around us. 


Gravitatu n - The novciiiGnt of ylrncts 
Gcluoiics “ Vo stress of the Universe » 

nature of thin's. 


a nd th c Ir s o, t e 11 ’ tc d . 
!Iill y yay. 


(a) Acids end nllielies - Their oroportii-Sj their neutra¬ 
lisation and formation of salts - sou ce of c'lq‘ori salt. 


(b) Hard and soft ■'•jsters and methods of softeninp; hard vate 

(c) Persistence of vision and raotion piciuri’s. 

(d) Sound - How produced and how t ransnitteri. Sound vib¬ 
ration - stringed musical instrurents, rcCb-ctirn of 
S''und - formation of echoes - Gram-bone, 

(e) Electricity - magnetic field, lines of force, indiicGd 
currents - dynamos I'G ana DC 

Carbon raichrophone - Teleubon- 
Electric Hotor - uses an advrraaf’es. 

Radio ana Broad casting. 


(f) WorK and Simple machines, 

Glen^ntary knowledge of speed, velocity, acclsration and 
i jqg iT* "t 

Inclined plane, wheel and aeile, 

Pulleys a 

Power transmission by gears, ch'ins and belts. 

Simple livers. 

Windmill, water wheel, and turnines. 

Steam Engine and Oil Engines, Aeroplane. 

(g) Simple ideas of Atomic Energy - Elementary ideas of 
the structure of iiie atom. 


_o-- 




" SPA 


SAhV'IE VI 


An Ac^leve^loned 
In At'TGr lor . Ench act;ivity 

to solve. 


for n six yOM> Elei^ie-iLory licii'-oA 
is to forra r i-rollcM f‘op 'hil'lrcn 

iJoq 


Antnj'in Science? 'ictivitios for tho Eloment/'r' 


3 cl' rj ' 


Exflorln:' the Gchool g round 
E s tot li sh ' IT 0 I'Tr- tur g Tro il 

Exh'ihitln:: oummor irD:]'GctG ct the Eoln.ol rr’e,!,*. 
r.GG-iing r 1 1.-tur G Gr lendar 

Keoninr a Diory of Aall Visits to a Ea.vori!'0 Tree 
Hearing Insect Inrvae 
Arranging cin Insect . rchestra 


Trepririnr: an Exhit't Showing Dariage en'J Benefit f 
Kee-ginf; a Gollery of Bird Hesiaents ana Ir.'vuloi"; 
Homing Friends with the Birds 
Finding Fhat Foods the Birds Like Pest 


ro'a 


Insocto 


Learning to Knair the Comnon Trees and Their Us'“'s. 

Lemming lo Know the Fall Vlild Flowers 
Holdinr- a Harvest Festival 

Finding hy Experiment ana Ci^servotion Khat Bccoracs of the See 
Saving Seeds for Planting. 

Finding Hox-; Ho Get our Foods 
F'nding How Wo Get Our Clothing. 

Holdinc a Fall Flower Show 
Toning Animals ana Learning Their Kays 
discovering and Studying Animal tsrfazm Homes 
Watching Animals Feed. 

Preserving the Beauties of Autumn. 

Cooking a Meal Out of Doors 

Discovering What People Are Boing to Prerare for Winter 
Discovering Wha.t Animals Do as VJ'^ntrr Approaches, 

Collecting insect Pupae, 

S t oc king the A qua riuras, 

Setting up Terrariums. 




Sxol.iinini: the Ptnnts ash inter ^nproach-s 

StartlDF' the Bulbs roi’ a hintcr Flo'./er Gr rPen v-st 

Mai In," a Collection of Stones hl’jr'h Tell a d ^--a- 

Starb'nc a School Museum. 


\Iintor Science Activities frr the Blomentorp -chcol. 


Foeu3nr a hinter Hatui'e Calendar. 

Fahinr'Serapbooks of Fainter Scenes ano Srnrlui 

IJutchlnr the Chenrinr Gay 
InarnJnc to Tell Dix’ectinn. 

Learning" to Guess Tins by the oun 
Making Evening Sly l^ans ^ 

Dsmnnstratinr Might and bay anu the Ghanj.- --- 
TracliF'; (.ur Relations wltn the Rest oi the 
Mslini: a Study of a SnoT.'/rall ^ 

Findlnff the Street Fixtures end Leamin': Their Uses 

Learning to Guess Temperature ^ ^ 

Finding and Making Objects jha' -> loct 
Chanring Things into Other 

setting Ui. e Slmrlo leather • Qencrotors 

Kai-lnp Toy VJlntl, Vntor, and atop., . 

Finaine of Vltet Things Are hone 

Collectln Common Metals eno rp. 

Mira nr Simple Electric Circuits 

1 - ^Fhf> koxjers oi llognet anu Comu'SS 

Experimenting hiuh the fovex. 

Moking an Electromagnet ^ ^ 

Discovering Hov) Our Electric D.vic s 
Hoiainy Glidor ana Airplay Eaoes 

Tracing the Activities of Ani^lo hy .heir ir. c... 

Snoy 

Befriending the IJinter Birs 
Comparing the Christmas Trees 
Holding a Winter Flower Show 
Growing a Winter Garden of Twigs 

Comparing Our Dogs 
Listing OUT Friends and Foes 

rnmmrinF Our Rang® Foods 

crparl^ ourselves with Other Anir.,nls 

Showing hot 1"“^ g OI- Science 

Finding the Uses j ht.enm 

ot the iiuSeum. 

Holding Op®h House 
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Snrin 5 Science Activities for 


the E l,e me ntf 


1”’ 


-ci: 


Discover?:nc VJhore Ice ana Snon Linror Lrnvj 

Discovrsrin:.: 3 if ns of S nr inf 

Kee'^'ing a Spring leather Calendar 

Sot t Inf tip a H ome c D ire r * 3 Ga 1 le ry 

Cbsorvinf and 'Hc’-ortlng: Hor-j LiT'c 

GrDUjnr; Tiny Plants ana Animals 

Id: Piny a ''./ild ~f louor G; llery 

rixplorjnr by Sound ana Touch 


CbsGT’'' ,1 ny the Happenl nrs 
o-bservinr the hfrects of 
ra''?in'' Maple Su' or 


on Sinip Days 
an A^'ril ohouer 


Mr.l in;' ’'jJhistles 

Kee^'in" o 3nr"5na Dir ry ni‘ a ^"‘re e 


Discover Inc Uh'Ich Trees U'-'hcn. First 
Dunninp a Plant-grov/inn Race 
Startin'; Troes from Seeds 
ilraitin; a Tree 

Sttartinp Pl.a nts for t ur Honie G-rdens 


Bunniny n Insect Hatchery 


Invostipatinc Ant and Honeybee Colonies 
Bcarinr: some Toads to Protect Oi.ir Gardens 
Carinf for Cur Pets 


Holplnp !’other Fen Bear a. Familp^ of 
Stall inp Birds to Learn Their \I: ys 
Keeniny a Diary of a Bird Family 


ClilcBs 


3tax-tint a Bird Haven 
Protecting a Wild.-f lower ilool? 

MaBinn a Wild-flower Survey 
Watching Flowers Form Fruits 
Gardening the Play house 
Ficploring a Brook or Pond 
Tracing the Story of e Strea>.m Valloy 
Making a Study of the Principles Smployed in 
Industry 

Holding a Science Exhil>it, 


a 


Log a, 1 
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SAl-II'II;: HI 
(Appendl:: II) 


oyllcDUs .ui ocisncs Tor Iho Sovcn Ycrr Iri.ic-ri 1 

I'T^GCi'jbccl In Iiyso)’e Stnlo. ISr ci' tonic is corrclc ■'ot] '.'ith 
(ic'no cCtivity. 


•4 r, 

Itli 


I, OlgoctSvoo cr tc'cninr ronc'ral Science^ - re:- 
i. . To I'eton the cbilaren in ionch ijitn thoir anv,‘r'"n"‘0'M;-, 
litfiy siov'Ion love ol nnture . 

ni. To I'lGlp tneii to un'erstjod nlonts, nctU'’"! phoono- 

ritiiT- in thoir on''n'.ronraent r.nd to '■•'alx the*!] rnfiorntc .id tn*^'iscIves os 


living orennisms, 

•(1i» To trnin in, accural.o ohservotiori. 

iv. To msClie use oT her 1th services cvrilrble end to na e then 
nnaerstand some of the factors that influence irniividuai ana com- 
Munity health, and 

V. To help them to drav correct inferences. 


II, Suggestions for teacherss- 

1, The study of General Science should, as far as possible, be related 
to the activities and the interests of the children, 
ii. The sub;3ect should be taught by actual observation, rersonal 
experience, and simple experiments. 

lii. It is expected that good use will be D<ade of the schoolgardan, 
surrounding fields, farms museums, zoo's and such other piacos for 
visits snd excursions. 

iv. Correlation with as many subjects as possible must be adopted 
in all grades and at all stages. 




The v1 tioG 


pivon In tho Gyn.rbu.G nci-f'I.y giv'' e::t''V4' anc^ 
not o'diauotivo. Tnaohers nro rt Hbd-'ty to L'loiiry^ Prr< rcrl • U.O’i 
t r' r.’' It lof■ a 1 oo ni 1 it i cns . 

vi. xlan;, ni’ tiio cacperlmantG sugfestocl for ritondo.r'is 7 to VII «-nP 7 1)0 
carrlti!: on with locr lly j'uprovtocd rxtcrlnlG ant n^ljancoG . Th re- 
-Cane t]iG t(j'ohGi''G r.houla' not donciYl jpuot iT'''Dn tic t i-^v. 

antovjols ta bo O' -onllot by ibt. tornrtmeni, 

goT'-’icG Top Study . Acttv-W;ion 

STA'AjIAIO T YAir. 


0(‘ 


I. Ho'" to live \7Cll 

herocair ] hyp-ine - daily cleaxiin,'- 
o'l racejOyGii, nose, tooth and 
iX'. .1 1 g . 

Daily bo tri 5 clec'ninp; rncl -i/ashinr; 
handG, foot, '■anuth before after 
trbin''" food . 

Tietirin c]oan oloth:.'S. dressing 
ha-ir, builuinr up rood habits 
re latin" to the above. 


1 . Drily health Inspoctjon of 
oU''ils by \n'7Jo 

:!i. To atf’end. ti'i tho *^erGcnal 
hygienG of the r'-u-'llo: 

Cut tiny th" noi'lPi 
clernlnr ihe teelb 
claanino the- icse 
cleaning the eyes 
Go-ilrlnp; the tmir. 

iii. To ccllocb health posters 
f.rti Gxhinit thc:'i in the 
school. 


■J, Food. 

Paa-yl. rice, join and wheat - 
stanic food according to loca¬ 
lity, Their Uses and recognition, 


IJilkjEgg, 


.nd Lr-sfy vegetables' 
their imnortance. 


III, The vorld around us; 

Domestic aniraals - Covj ,Buffalo, 
Sheepj Goat end SsafcfccMxd:® - 
Dog, -chelr external features .food 
and raovGtiient , Useful birds-Fox/1 
ana Crow - their food, cry and 
flight - external feature. 

Sky-Sun. 

Sunrise-east sunbet-West, Light 
and heat frrn the Sun. 


i. Vis it to clr^^ f.nd vjet fl.sld 
pouLtrpg on: dniry form:: In 
the neir;hboui hr od , 

i1 .T-^ collect greins of’ rs 
nnny vnrities an gos^ihle. 


i. Visit tn XoD, crttle sheds 
etc. 


ii. To observe Sunrise and 
Sunset. 
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S'l/i'iMI’iD 


II 


I, Hov; to llvG vjolls 

To C'fmaT calls or nature - firoper 
tlrre 5 place proper use of 
u.'ter, for cleaning. 

To 10.111 up healthy ha'its of 
answrinc calls of nature. 

JiDu to tike food end drlnlc 
1-1 ai'.or in a d.lean ond syste- 
!na'G:ic \jey. 


i. 

To 

use 

the ur-iricl 

nf 

the 



sch 

0-1 

pro^orly, 




ii. 

Tn 

clar 

n t he c In s 

S “*370 


■4« ^ 


dis 

nose 

of" the . 

c.stc 

• 


ill 

. T 0 

l.ce 

p t'i'iiuo t 

i d k. 



iv 

. Tn 

^'GC 

orrt.'unfi 

i n s 

G 1 

eon 

V 

rp., 
. 1 

arr 

on-'e "^or d 

ran’ 

in: 

’K'lor 


in 

seh 

col. 





TI. 


Foo'i 


« 


lulvse s "ave.ra i, th ogar i, hura 11., i, 
Lrdele,etG ., their recocni- 
tnon ani uses5 Rocopnition of i1. 
tkolv slants. Ill 

Fruits- Plantain, Papaya or anj'" 
t\/o of the locality. lv 


To visit fields ejh''i‘o rulsos 
arc gro-jn. 

To --‘olicet pulco;^. 

. To jnlloct seorls of various 
fruits. 

. To nreroi-e cloy models nf 
fruits. 


III. The world around us. 


Animals - cst,rat .horses, 
donJeey - Their oxuernal rea- 
tur0 G 5 .f 0 od and move dki nt . 
Birds - Sparroif, dove, parrot, 
Their food, cry, fli^t and 
external features. 

Sky - Moon, - Right and da Jr. 
■Dcirk anu bright fortni^ts. 
Four directioners - Forth, 
South, East, V/est, 


i. To initiate cries of birds 
and animl' . 

11 , To nark northjsouth, east 
ana west in the jchcrl, 
ill. To observe the var.-ous 
phases of the moon. 


STAKDARD III YRAR 


How to live well; 


How to breath - fresh air. 

How to clean the clothes with 
sopp. Posture - right position 
for; 

i. Sitting 
11 , Standing 
ill. Walking 
iv. Sleeping. 


i. Cleaning in and sround the 
School, 

li.To develop the habits of 
correct T>o3tures in. tiie va¬ 
rious activities. 




~ coo ~ 


Food i 


Otuayin-" the tacts ^beut ihe 
alsnts already observed, 
i-Ioniine the mrcs - roots, 
sLei- 1 , bronch, ler r ,f lo-'jer 
and fruit am seed. 

Vcyocables - anv four of 
the Incr llty nay be studied. 


1, To collaet, rioX'?ej’o ol the 
loC‘ 1 ity u ri'i nano tlicir 
parts, 

ii, are pa re alts ond bods 

for sclo' 1 r: rten by 
r j n' • 5 no nu;'‘i n - , s ii ir>'; , 

■'.j aterto'*' r.nr" T,;oe'j in'-, 


‘■[’ho \forld around us j 


anlrs'ls ot the pond or river 
froyjftsh, dnek - their o::- 
ternal features, food and 
!noo’'eraent s. 

Insects - butterfly, grass¬ 
hopper, orTthi'/orl:, ^/hitc-.-'nts 
and ants - Their external 
features - bheir movGrnents. 
Sly elnuds, rains, rain¬ 
bow;. Kalny season and other 
seasons, 

Soil ~ different kinds - 
dlffcront nlonts grou in 
clifferent soils. 


1 . '■■’o visit T' OOIT' OJ' -"ivr 
ojr obs:‘j‘\''e ti:e anieiols, 
ii. To observe the* uhite ant a. 
and o'-rth "./or,s at nor] , 

To collc-ci. but terf lies am: 

r-rrsrf ‘opynry. 

jv. To obsrsrvr; clouds am 
rninb^pj in tlia st.y, 

V. To collect various sau 'les 
of soils, 

vn . To rec’oro tha number of 
ct'iys of r'lnPall in ev^-ry 
month 01 the year. 


STAhD/'kli r/ Y.e.R 


I. Hovj to Live p'ell*. 


Weed f)f mnual 
rest and sleep, 


Icibour 
Good 

exercise, fresh air 
the blood. 

Clothin' - different kinds - 
Cotton, silk, wool. 

Change according to 
Effects of tobacco, 

Coffee and tea. 

Common communicable diseases - 
Malaris, Plague, Cholera. 

Small Pox, How to avoid in-_^ 
fectlon. Mosquito and housefly 
as carries of infection. 

First aid » sore eyes - cuts, kax 
burns, fire accidents. 


, proper 
food, 
enrich. 


season. 

alcohol, 


J) ,1 


Y, 


xxi. To ^oln in Social Sorvica 
w-orh: 

il. To visit the breeding 
places of mosquito and 
housefly. 
iii. To observe 
spraying. 

iv. To help fill the 
post pit, 

V. To construct soa!k 
latrines anci urinals, 
vi. To prsetise the safe 
use of the rends. 


c om- 


nlt: 


II. Food 


Some articles of food that 
be'Gonsimea raw coconut,cucumber, 

tomato, lime, ^feat ss ^ood_~ 
fish as food, Ba.lanced diev o-nd 
its food factors. 


To 


run a kitchen garden. 
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Ill, The hnrld cround ; 


Ulld rnlmoLs - any four 
panfclior. uolf, vj:id pig, fo::, 
eloyhr' Hi-,, etc. -- uS',';ful and 
lirT'/ful to man. Insects - Egg 
£ nu si IVt. their liip history 

Spider, lizs.rd, scorpion, cocJr- 
ronci 5 horl bug - their e:x:'ernal 
fertures. 

i-lants “ Study ot Das ova la, 

Er fctii'f,' or uny other big ["touer 
d" the loc; ] ity . 

Study nf a fruit; tree of thc; 
loc oil ty I 1 fong O' , t a rz- r;lnd,e12, 
Shy “ Strr and plant:;-, i-&3.e 
stars and Great Br-ar, 


i. To i;rllr;ci j'.ictuiO'O O'f 

nnhf': Is,fil'd0 r r'" inooC'S. 

"l * * V ** S *1 r 2!^*'''^’' 

ii ii . Ti. cbscr''?G a 0''idor build- 
inr 5ts ueb, 

1v, To rbsrrvG r lizard 
0atn 1 y nr a u i rr c c t. 

v. !!':■ obnerve insfcls th'"t. 
visit r loi." 'I 0 . 

vi. To start : setr' I nusouri. 

vii. To ')brer*./c V-uus and rr^rs 
uhon TiOEsifolG, 

vlr'J . To bse?;o tho Creat 
Bear. The 1olo Star - 
The mllliy v:y the 
Orion , 


STJVEfd'lD V W 7II X-y?. 

The following generol activities rre sugf est-jrl -'"’nr ail tlio 

tLree standards: 

t. To rum a hitchen garden. 

I'i. To construct and niointr'in soak pit, cornost nit, 
urinal and latrine. 

ili. To construct ana rmintain a nrcp<2r :‘Gnclnc for the 
school. 

iv. To take port in coramunity health activities. 


STANDAED V 

I, Air 

Air necessary for 
burning 

Respiration in man and respira¬ 
tory System, 

Respiration in fish 
Respiration in plants. 

Difference between air taken 
in and air breathed out. 
Impurities in air - DustjCarbon- 

di-oxide, and germs. 




1, Experiment - o burlng caudle 
is"out out when covered 
with a tumbler. 

ii.Bemonstrotiun with the help 
of £ chart 

ill.Demonstration of fills in a 
fish. 

iv. Rxeeriment 5;.' germinating 
s® s 

v.Sxpt.Blow throUFih line water 
ani observe the change. 




~ eon - 


TI. Uatcr, 


■Joitrcc-'s - vicllj tfin’-, nlv-ir, 
Ffairij r>iTr 1 n ;'5 i'fVwritifcG in 
riirifi cation by de- 
cpntrtion, filtration ond 
boil 1 nf,, 

i"" lint.ion oi ^'/otor - cl is in¬ 
fect cnts “ bleactinr pov?ter 
i-'nl .'ot'.sGiiu:'' ncrimnyon.-^te. 


Hi. Ti’ood 


TTocosmery for [■■.rcj\>?th cono’ 
\;ort . ''jot for ohildreoj 
oci o 1 Ls , fiio inio 1 labourers 
r \v~ sic]: -'crsons . 

Pr e s ■ j r v 0 11 o d nf f o o 1 - r i* r in s 
VO rc 1‘,b le s aivl f r uit s, 
Various tietiio'''''S sdf'pted .In 
the loc:-l:'.ty. 


I. Collccti on '■)! ''If 1 r&nt so le ;'j 
of ■'rotor of tliot Inc I’ity 
•il. To -^bser n ’■'ollntl c.o "■f ontor 
in the loo: 1:1 ty, 

111 . jiJxpe r flic nt cf d e o r rt tfp t: 1 ■*' n 
and f rnj.r" 1 i<-tu 


iv 

, bxper'’‘n 

at 

0 'P ac t 

J.rC' of "'ll! 


nn . 'Udcly 

"i'lt 

' or. 


V. 

To ('a- 10 no 

til 

r te is 

.ii'if rc ti on 


of 17:"!.'^, 




1 

- A 

a inf t, 

ho 

’'Oti-r-;' 

s of orr- 


servet Ir." 

L 

rr: ] 1.0 , 

vege table .i 


a :id frail 

'j ^ 



« • 

J \ 

. To obo-;!' 

‘VO 

t;]'; i:i 

.1' iinr' of 


vessels . 





1 . '0 tbc't j?on:i C'l'ticlcs 

ernbe yrosorvod, '’o'-llln*', 
c:o''l'np, dryinr ''ni calt'^n'. 


TV. H: 


') c-i Ic. n t i 0 n 0 f site, d v o n t: ■ ~ 
'■cs t'uii flsrdvanl:roes of the 
vrrlou.: mat or lain us'^’o .in the 
cons truetion rf the house. 

Fdt to l^ecn the bouse clear^ 
vcJitilaLion an' 


i. To ■'/isit lo.cos ■’.rlv-vo brlcb-s 
onl lirc-strne bn'pt. 
i;i, bxpf-r 1 Mon -I ■ f.' vi. nt j Irf i f'n 


l-Toi/J Science' tn 5 bsnefitod man; 


Tvonsrorntion - discove^ry of 
the wheel, carriages. Difrerent 
kim^s of r.ower uadd - animal, 
stajura, pe-troljelectricity. 

Slranle machnies - Lever, Pulley, 
inc 1 ine d |/ la ne, -vrh eel and ax le 
(,roar) - friction and use of 
lubricants. Hon- oi Newton. 


i. To drr r sf a lor of '.'joof and 
roll it rno, thus t ■ observe 
that rolling :ls easier than 
dr-" ggl ng. 

ii. To observe that bus is de.iven 
petrol. 

iil^. Tn visit a railway un'-’ino, 
iv. To draw ''lator a well 

with tho held oi' a pnllo'-^ anS 
\i i th o Lit Its lie 1 p. 

V. To observe the use of a crow¬ 
bar in liftine; a heavy stone. 

Vi. To observe that r road 
winds up B bill. 
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STAiOARD VI YMK 


I. A ir 


Onmnosltion ol alrjprepa- 
rat^on oxygen ana carbon- 
di-oxide in ^est tubes. 

Re! ere nee to the ’,ork oi 
Lavoisier and Priestly. 
Oxygon supports combustion, 
Cerbondi-oxide and Nitro- 
yon do not support combusion; 
Garbnn~d3-oxide turns lim© 
water mllpy. 

Air is nurlficfi by plants, su 
13*gh b O'd rn:in. 

TI. Uatcr. 


i, Expt. ijej.l-J'ir tjxnBrinsvtiu using 

candlo 

ii .To prepare oxygen, by heating 
potassimn chloro!n in the test 
tube end to test with a red hot 
splinter. 

ill,To prepare crrboh-di-oxlde by 
usJnp wash'in;-; soda un<‘ lemon 
Tuce or "icrblfc arri dilute hy¬ 
drochloric &cii in c ^.ost tube, 
- i V. T o pe s s c a rb or - rl i - o : 1(1 c 
tbrnugii linse ’’Cter. 


Properties or utter - 
its own level. 

Later supnly in towns 
b'at'^r cycle in nature 


it seeks i.Exporirjcnt ti-' s on thr t wo.tor 
finds its nun level, 
li.Experiment to nbov.’ tb'-t it flotjs 
fro'! ti'-hcr lerp to lower. 
iii.Tn visit c. town w!;icb has a 
protected water sup "'I:/ systoan 
iv. To drr-nj a rl i'p-si'ms t"’ illubturdo 
wat r cycle ‘.n nature. 


III. Food. 


Food Gontnins starch,proto In, i 
suof'-r 5 i t, mlnoj' a Is, vl.tamins . 

Ea lone Of] died is better than i 
any single fooa. HI Ik and eg;g 
arc perCoct foods. t 

Dige.ition In man and digestive 
system. Photosynthesis - lants 
prepare food in the presence 
sunlight, liberate oxygen, to" 
In carbon-dl-oxide, mo.nufactu 
starch. 

IV. Home, 

White xjashlng . 

Sources of light - sun, oil, 
electricity - Nursing the 
sick, 


To draw diagrams ^ oljrx-ntcry 
can."! t o ex A i-' i n d i • c o t ion. 

.,To nrep?,. rc balanc". died 1 m 
schcni. 

.i.Lxp. rimonts to show that duriu 
photo-synthesis - 
' a .o::yg*-‘n is libcrc ted ; 
b.carbon-di-o::ido Is •cakenj 
©.starch is produced. 


i. To pet tho scho"! wlite- 
washed. 

il, Tn study the houses In the 
neighbourhood from the noint 
of view of ventiliatton am. 
lightlnr. 

ili.To visit a hoscital. 
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V, Vn\i Jf^joncQ hri;;; 


ben-'fltGfl 'lan. 


'L’]’rnsnnrntlon "by IfnUroad 
^ p nd. r ■' n Log o' not i ■ -c by 3 tc ve ns op 
B5'' 3f;n - bnat, spTlshi'p and 
stcr -shin. Ey Air - Aern’^lsno. 
VJorl: nL h'rifjht Brothers. 

C-^ir.c.uvi3 ncclinncn - bicycle, 

.irtcl-j ine . 


■’.To cr)ll‘ ct '’ictui’-s v* rinuo 
. binds fif trnnsr-rt in vr rious 
countries. 

■ii.To stiidy .n biCTcl: f-yj its 
ports. 

-l.'tiyT' observe t,hr ronn's of 

a ncfirT nnhes the ''roe yiieci n-o 


lyn'- roun'o. 

■’■v.To co'ye’t'n tly oTinbor 
in the nedol yi'Lh 
freo-uheel. 

V . he pO r-; t A 'O ■ f.S a 1 '' c n< I 
refo'rcnco rn Iho jenla 


c'" teeth 
i'’. the 

-'v T'ith 

"’f'C’- ’* n..j . 


oTAiDA D vr V6l'}; 


I, Properties of ndv ~ r ir has 
cress ur o , A ir s c o ’n nr e s s ib le 


Ax pis, to Si o\Jt 

i. Tl'ta t 0 ;1 r c r us h’’. i s a hi An. ti i n n hu n 
voter :’S boil-y" U: it F'nd tho.n 
its nouth closed rir tipht. 

ii. Inver led tiinblor ’jitb ’.ja-tf r end 
a pi-ce or cord-boari ’^ressed 
nfjainst its 'ajuth. 

'! ii .bbservatir a of the vT.lbinp: ol 
a lis' rd ry- inst o s looth surface 


3 v.To blov •'■ ir 


if'.o 


v.'A 


and try to spnonze it 


toy bainon 


observe tyre.s t-nn tub. s nf a 
bicycle end r bus airi '.o stind- 
"■ut -Ibe ofiects of air nressmre, 
vi.Soen bublc exnerinfint. 


IT 


ter. 


VJater necessary for I3fe. 

Tices of voter - drinking, 
c leaning , c r oking , Hard and 
Goft vator. 

Use of i.ycshlng soda for 
sofetening vetcT. 

L.' JL, Food . 

Blood and cirulatory system. 
Plants - Dispersal of seeds - 
Methods of improving the 
quality - cross pollination - 
Crraf ting. 


i. To idontid'y hard raid soft naters 
by usjng soar colntlon. 

ii. To observe pressurnr of v ator 
in air. 


i. To demonstrate the vjork of 
the circulating? system viiih 
the help of chrirts and 
models . 

ii. Tc observe the various raethodn 
of dispersal. 

ill,To visit an orcberd and study 
-the differont methods of cross 
pollinr-tlon and grafting. 
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]V 




S'-arcof;; oi-' hcct, - V)nod,charcoal 
c. fh- ■ 1 5 nil r nd o le ctr ‘ c it;7 , 
riri'oci.s it’ boat - iixpension - 
oban.'c n ' stales - change of 
ta‘'i!Tioratu e „ 

Vbaoe sir tor. of "'latter, 

Th 0 ' 10 ac 1 0 r s - C 0 nt i i' rd e, 
■‘'abrenbelh and Clinical Com ami- 
callr sljsoaGes - 
Symato.sSj ''‘OcloG, snrcp'"', nrevon- 
licni ; nci control oi nlr^aa, chole 
mall no ::5 mnlar’ia, iubercrlnsls 

ana loarr.T.'-, 


Y * I-! n'' 0 G iG n<': b li? 3 be ns f i ! Oi.'i man s 

C'ltnmunlcatian - post, tGleprsm, 
rad jo - worb nf Ilaj'coni, 
Poyer-driven nrichrinss - hullcr, 
tvactor . 

:ZyQ - Us T'iniri sarts. Defects of 
ovc-sxrlit, 

Proper crape of the '.ye, 

liar - its main narts - proper ca 

of th'- ear. 


- j 'W * b/ ® •** 

■'•15,0''' r.r,a ball o'e" rpMcnt, 
ii.'i’' chox; by ha-Y.ili t.hrit 
bcuv^■,eG vci c:v vnci i.t'. r be- 
nr nos stea l, 

51 i . T n It a r n t a n s r, t he r: > o -x; it r o 

nrnp” r) n ^ 

iv,T"' hole the rwadiiiro of Iho 
tharnnmGtor 5n tb^-' school 
ond a ’C^Td the a, 

V/f'', iio ito' the t ’■ip(.rature rvr 
ra. bee hjinxi^, p ,oa- viib !,ho bc-lT') 
of the clinic; T thermone !ter . 
vl.Yn oolloci. nr/ctr'i’s rmrJ chr’rt 
c'boLit those dlscasns end 
call 11 It •icii-rn. 


5 . Tr cnHet s t:■ fins , 
m.Vo v5s^t ; 03* f.fflco rnc a 

rolD.?!':/ 3 lx lion, 

•il:',1’r: obser^ye n tic etc r nnri 
r hnller ; t nor’ . 
jv.D/rpt. Vr alow th' fonnsiion 
of i.DT r^s by cDnx3x lense. 
v.To dc’ionstroto the orrts 
of th ' ear with fho lie In of 
a chert. 


—o Oo — 




AlTJjJDlT JI 
CGontinuji t'ion ) 


H 




Hone lion of Hr/iG fnr General Go.jenf^G j 

<*- 5 « H'-f ^ 

li. 1 It)C c. tjnn ot time for Sclonce b” tbc , 17 ]'ndir So, ■'ur.i' 

A ' 

'"■j'l 1.hs T' rclilng 0^’ Gon,<3r:-I fcjci&ncG in tbo Gec; Seb ' Is 


j'ho Gt’onnuo I’y 'IducatSon G no* its si on In H!3i.r h'"V'" '-oclc 

'rithu<',',0.ri'^s Oirifi ^'onorol SGieiics' os one core onbi "'t; but this 

*■ -* 

G'jfis not oppt-i 03 ‘ niilto doslrobl.o. Groupin'' *'ho to,;tbor lalll 

Lesson ! I'i 0 T f 1 oi or tn nc e Finu af feck Instrix M o1 r: 1;>:>1. i.i; no r t tio oc 

Ujo subjects aro' nf eq_nal inr>ort:'M'"e tno^ sb: ul' li'o trn-' eci os 

soprrftc Coro subjects, and. Goner;:'I Selene-- -.lone nb-ul' be r Ll-'i-tfi 

ibe follo-jinb nuraber of nerio’-bsi 

In Class rt -’-i r.erlo'is a oi- 1-11 urriD'Js in t'nn y-.or 

In Gloss X 3 periods r. nod nr 91. u rloOs In Mio y8’'r. 

“n Class XI C nf'Tiods a veeV or 75 perlo-bs In i-h- ye/'a. 

fiir] in^’ In all 310 periods for Conerrl Scienc'-' sprd''-;l over l ->2 ‘1od 

of airea years. 






Laboratory Orr^nlgntion . 


{ c\ 


cb6fio th-G Laboratory oisotier ac "iiy'ostC'b. b''’ tlic 

Lll In3ia .'io^tnar on the ter-cb i n": nr C-onor;’1 belei-f-a tn the 
ti(‘hf5r oGconbary ScLrols, R14. Page- aio 


The so Mill? r consiaered the follcryini: 


£ M’-'ce 


' 1 ‘ lab ora t,'"!''"' 


orp;?" niof ti 


(a) Lay-out 

(b) Lqulpnent 

(c) Adnlriistrption. 


(a) Lay-iu 1;j 


1 , 


\ 

Si. 


higher secondary scl'.a 
dcioncG Liboreitory ami 
for the three elcctjvo 
Chenlstr3r and Blulogi'’. 


£■1 rjhoulci hr-VO ono G^'-ncrf 1 
•Uirce other laboratories 


lubjiic- 


? 


VI 


I-by:, ice, 


5 i. bach laboratory should have an t»vcr-pll flrtyr 
sp?'ce of at least 30 sq.ft, per r.ur::i, 

iii, 1 -TOVlslon snould be oade for s store ro:a' for 
each laboratory od^auent to ir as uell os to 
the clcjss-rooo. 


iv. A. portion of the store roon ."o^r be partitioned 
off to serve as a preparation roo-n 


V. There should be so'ne suitable place for vorb- 
benciies witn tools in the Science jilnq, 

Vi, At least two class rooiao with galloried sects 
Should be provided 3n each school. 


(b) Equipments 

The Science class roDm should luive the following eriuip^ient 
i, Ga Her led seats. 

il. A demonstration table about r* x 8 ’ with cun-boards 5 
gas and viater fittings. 
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I’iiB Physic 0 Lacors.’tory shoulfi htivc tihG cquj’oiioit j - 

il Workirjg tables with recesses unuejneatt. 
iis At lac st one tehle witn gas flttin',.":; for oxpen'nier.bS on heat. 
Iji. 1 -r'ijocted I'^Ia lifor'i-’S orefersbly ^'iDn^" one ';r 11 for b' lances* 
iv, Almirelisi 

V, Bo.-innstratloD table w itn -rs .rr n on I ’.r: tor rit.i.in s. 

Vi. L well blacGboard. 

vli. Top' laT'o s‘J'n]--s at the corners c-t‘ the 1 ,-barr Uq';'. 

V1 i ’ . b I", o o Is " n 2 s i 2 0 s. 

The Physics Laboretory sh’-ulci rise br^vc n i: i-h v'^' ' 

The r3iijloc'y Laboratory shonla have the followin ' eijo:pniont;~ 

i. Tables 5 G' loni 2' wide ano! 2l' Ijl-di ' tth ’./r tcr fitl.lnrs rna 
clrra/ers. 

ii. Alririrahs. 

iii. Two sinks at the corners of the lolorr.toi’y 
I'v. V.all blacHboard. 

V. litftols in 2 sizes, 

Vi. G-iell table racks, 
vii. lie 11 shelves for Chemicals, 
viii. A froggory5 where necessary. 

The Bio lory Laboratory should bo v ell-llgbted, It sh'ul'' ho'-e 
g 3 0ss-nanes on the northern side and ('snclant- li',nt»s 0'.''sr tne t' tiles, 

(c) GenoraX. 

m 

The store rooffis should bew ©ll-enuioped with ol'ilrahs, recks 
and a sink, A separate shelter Ghonlcl be provided far infln'meble 
and poisonous mteridl3. 

The larger schools should bo provided with separate workshsip 
with work benches and a tool ©abiiKJt. In seller scl.ools a feo/ work 
benches wy be olaced in the bcienco wing. 




" ns - 


j ^.4li^suXd ' Xu'be r rii'gi:-'''if zc"', ' n ■ '"’i v i ’ r 

liPiKly noor tXs X^ijcratoi'ies. 

i :i’(ivi‘j lOii bo fy\do -Tor f.n ovrr-hc,--f": ■'U''-’,;' ‘~r^;icrv;■: ''tid 

f ;;rG plcTit i"or each school. 

(cl) A 1 ]ini 3 t 2 ''atlon. 

XhG 0 s’rc'ulcT bs r labor a I, or/ nt, i.cncipiv^ [‘os? a: cb lnv\' •'.jitb 

j'lichlL" cchooX <j’Ur Xiii a t'inns one* irjt' I'^ljrirrl.o-s*’' 

CIOS j.obo ill'iS Xnr ■ C' scbool, Tb'. sXD’'’'‘-‘-Xcci''''r"-'''i” ; 1; M;':'-'!.nr*" [’s31 i o.n" 

rb nXi be 0 "i^trici'lai 


Uliero Xh arc is cnour'h wor] . a i'TiCcbo' iiX" "’Isr be ■ royi'lcl 

I’cr tliO ^ -por the teach jng nl Physics, Chc'-istry r.-a 

L-ioia'*'/, there slioulu be at Xerst one 'Imiblc roiblod for rsoch of 
these fryr nractJcr’l work per ■'jeek. 

Arperiments should bo boj:^ .ns F't ?s "ossihl'- inaiv-liuplly, 

Jn r r/ not f'lore than t\/o si.udonts slicmla hr /roupo'l ’o other for 

pracuical ■'lorl: in the elective scienc o. Hoi.cve^'jin General Science 
/rC’UnD or three students may be per^^uttex for p* octic; ! nor’ . 

To racilitato practice! -worh, cards •'.Jith brief Instrn.ctions 
rslioul' be prepared for each e-'Cperlmcnt for the use of the students. 

It is advisable to 0 .ave a set of rules for the puiaonce o"' the 


sturtonts (lurlnp their practical worlw 

flvory pupil should iiiaintain a Inborotory not'-bonh to record 
practical work, which should be regularly checked by Iho teacher. 

A date-wise record of exfierlmental ^Jorh dor^ by eacli '■•unil 
should be maintcined by the teacher in the for?! of o chart. 
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APlGIPiol iv 


a.3GIl:;Tljg AO 


11 a'rri\ Ill s inn SCT'ir?^! CJjUP3 


1« A PiGriwifi'-' gvdIvcu by LIig All Xnu3.; Go?ijn'r '‘ii b’-o An'''r‘].ilnr 
O' G-on<:'ral 3Gicnc>jroj’ thw r-rj'''nj c. /' aclc'nc^:! G'JiGoo. 

A-.rcry ochool I'luot bt.ve GcicnGfi gIuI). Th 'oo r.ro uA 

' U-'-Ils by tli; md for the 


i-TJ'. i i J 


The 


rolIo’i'Tiny f^ro sg^g of the rAriG 


"if Sci'Uicc, olubJ 


t.c inculcato n scicntifiG ettltudo in iiC' rii '"In, 
f,. to encourago the ’■■'ursuit of sc'onc*-- rs o liob’-y. 


to st ij'iiilo Le ruroM-'^'O rt3* c t:'on p-n' Intir-tivo 
leirninr: Science. 


tc- cncourii'C pupils to t. l:o nn Intel ll/cn^ intercot 
in the cnvironsment rnti every-dry experiences. 


5 


tn encnuri’. e inclivirlurl £ nd 


f r £ ‘ up i p 11 i ch. iye . 


G, to contact other Scienc-' '-lubs and t"" exchange 
Information and. activities. 

7. to aim at a regiohal, leading to i;lder affiliation 
on state, national and international levels. 


Or.GAHlBATiOh'? 

1, The Science teacher, normally, uill sponsor iiie club, 

2, The head of the school shoulii be a patron of the club. 

3, Membership should fee open to all pupils studying 
Science and others Interested in Science 

4 The resources of the school should be available to the 
club, 
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An elected exocntive cn'iMr'r^rii 
Vr:na yn:: the , nolle - : ch;, ii-', 
e;i £isni 3 trnL cct* . o ter - a tre; n j 1 '■'.u’ev' 

a storo».I:eor.er 5 a nnblxcd t r or-jer-r h n -lose 
re nre se nt.e t Ive 3 . 


• :i l^’T'Or;- 
'' c f j c "■''' G t' 1 .r" 


1 (■ 



A no 
a 3 ' 

mine 3 . 

olj ^ 10 

t.ionbei 
iG'ubers , 

7 . 

The 

club 

shf 'Uld 

r 

' ® 

The 

c luh 

sh rule’ 

\ 

, 

s 

The 

the 

'iGub rs or 1 
activities r 

T' 

4 


Jut: n 

S c'f -Tr' 


V T' cf-.nrc'. iC r 3.: 


di-'Hl'l 3:)0 


■ I jn ijj.Lijr 


c-'enenr r 


hatron^ Te oxtend r 13. cil.l’Lioe, i,C' 1ho 
function o .''fectii VO ly r n ' 
in its ret* vitics. ~ 


,[ p r. 


1 c r 


3 ic Of 


m3 1 b 

’LO 

ru tfeW 


o <'•■ ,nsors'''in, the snonsor cgvo 3 ,v"'S the :nn*ti''tlvc 
in st rtin' i} c '•Inh eaCi h'-o in ic ;;.t 
o liifii pitch O'’" rctuivlt;/ r^na IntrD'vTst, 
The Sf onsox' rneul'i onl'^ ciij'ic f'^l'.c , 
puidc On cl 3 .c:’d o rxi slir.ulf' not Instruct 
or dlctr te. t-Tq suoul''' he wc i chf‘u 3 
over the fier>b‘-rs a^id pus-r ’ tlio'c or''ii*oot 
accidents, 


CKADiTi' j lAi. 


to nrocide over cl.l the forMrl 
t e cluh and over th' tneel inio 


of 

executive Gorni.iittee 


f une t 
the 


n; 


Ox 


Scci'etarys to nrintaln the ilnijtes of mo 11 n '',3 
and the activities of the cluh 5 tc c?rry 
on c orresnondeDCG 3 invite f-uests. 


Assistant 

to 


Secretary; to c 
act for him In 


S s ■ s t th c GO c '‘e tr r; 
his absence. 


OQ 


Treasurers to c oil- ct suLscription and noJntrin 
accounts of receipts and cxr^nditiju e . 

Librarians to maintain a catuloguo of the 

library5 to issue axid receive books, to 
purchase books sanctioned by the 
ox-'-cutivo committee j file and keep a 
record of the papers written by the 
me; 1 b!.rs of the cXub . 
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Store Leeper; to 'wiintrin r record oi the equipment 
of the club, to buy no’’’ oqn5 p'-ient sL'nc ti^ nod 
by the executive comrilttee. 


Publicity OfCicer; tr publicise the activities of the 
club uithin arni uii.hout the school: to 
contoct no:;sua i-Tcrs and seoh vile nubllcity 
for the nctivities n the club, is rrieetlnqs, 
Its mpuzinos, its celobrations (e.chi'h' tlrn , 
fair etc). 


^y!!rlber 


to participate rctively in the neetincs 
dl the Gxccutli'c cp’n^'ittec-, in frrninfe 
ooUcies, tn enlist tne cn-nperat'*on o''’ the 
re-ibcrs cf tho class C!;cl to enlist mn; 
ne',bers. 


SUC-GhSliiD ICTlVITli-S ; 

The following are some of the activities that should be 
undertaken by a Science club. 


1. arrange excursions, visits to places o" !nter''Gt etc, 

2. hold Science exhibitions and fnirs. 

3. conduct the meteorological socti'^n of the school. 

-1. hold discussions, meetings and debates, 

. to reed papers on in’ividnal r group imrk •’'one, 

6, to collect specimens, preor mode Is ,,5 cherts, 

exhibits and re, into in a scrap book. 

7, to improvise and nre pare hand-made apparatus. 

8. to improvise experiments. 

9. to celebrole Scalene days ana uui' up tabltJai;#^ 
plays . 


10 . 

11 . 

12 . 


to hold meetings addressed by invited guests, 

fco render school service In health and sanitetion, 

to render community service in th.? i\r. V- of 
public harjlth. 









(t 



In vieu oi the Itiportnicc oi' llic Gcifii*'!; '.lnb 



I. , W J 



'n ill Mir Association n' Iclencc Mubi; 






AppKi^njix IV 


-V 
Za 0 


0^''nA[ Tjr-jvnxr.Vf qk SCIClICi, CLUBS : 

P BchGtafi for the organisation of School Science- 
evolved by the General Sci-ncc Sn^.lnar held 
during November, IQGB. 5 ^«j. Peuj«- 


clubs 5 
1n T'forut 


(A) 13. s 
1 . 


o 


suggested by the /'ll Tndir- Council for 3‘-‘ConcJary Sduoptlnn 

The Science Teochar, nornially, viill suononr the Club, 

The Plead of the School should be o potr; n '■'P' i’ne Slur . 

rornbershin should be open to all moils studying scif'nce 
and others interested in science. 


. The roGcurses of the school should be rivallohlo t"'' the Club. 

An elected executive comnittee Dhould bo formf fro'n arong 
t e pupils, - a chairimn„ o secretary, assistt-nt secretary, 
n treasurer, a librarian, a store-lreeper, a mblicity 
Officer and class representatives. 

r, M. nominal membership fee shoul' be char'-ed from all the 
Rcrabe rs . 


7. The club should tap other resour es also 

S. The Club should be located in the school. 

9, The members of the club rmy be oncouramd to exteM the 
activities of the club In their own locality. 

10, The duties of the Patron, Sponsor and Office-bearers 
should bes 

PATRON? To extend all facilities to the club to function effectively 
and co-operate in its activities. 


SPOl'TGOB; On the S'-'onsor 
Club and keep ins it at a 
sponsor should only supe 


devolves tbo Initiative in stertlng the 
hl"hs pitch S activity an', interest. The 
rvise, "uide and lead and should not instruct 
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or clict.u lo, H? slin' ld bs ■wslclirul over ths ‘'(G’''lD"r 5 rnc‘ 'oinrd 
tbe:-^ a'-'Tinst accidents, 

CHi'-i-’' "lU'i» To preside over all the .forma i (unctions of the club 
ovor tne meeting of the Executive Cnnndttee . 


and 


SEC‘lET/'j-iYs To inalntain the minutes of moetin'".'', r.ni the ncti'/ilies 
of tbe club” to corry ' ut correspondence* invite sviostc. 

fSSIS''h''tlT 3ijC''(ET/\bY: To assist t’e Socrotory and to act for bin 
in ’i:ls absence. 


TbidSU'.EUs To collect subscriptions and nrintrin r-ccounts of re¬ 
ceipts and expenditure. 


LID.-AMIAP; To raaintain r catalogue of the library’, to issue and 
receive books 5 to purchase books sanctioned by the executive connlttee 
and to keep b record of the papers written by th''" nenbers of the 
club. 

lUCLTCITY OFFICER; To publicise the activities of Club within and 
without the ochool, to contact nev/spapers and seek wide publicity 
for the activities of the Club, its meetings, its mafaslhes, its 
celebrations (exhibitions, fair etc). 

lIElIBbBS; To actively participate in the meeting of the exfjC'>tive 
comnittee in fra.ming policies, to enlist the co—operatloD of the 
members of the class and to enlist n«n morib'-rs. 


(B) Modifications puggested; 


Soras 

nusaber of 


sponsors expo ri'deed a g'reat difficulty in c 
students Joinin'"' Science Club, henco tlx* group 


with the 







- 61 ? - 


the rollL''jjnr mocllficptinns in iten 

Tboiip-h the fn'-'Pibershin sbonlf'^ bo open to *"11 br.t It 
be ot hjn types, 

1, OrJ'^TNATiy MbT-lBEBSHIPs Those vjho pay rupee one por anniin 
as lae'<ibership Tee will be considered orrliprry nor,^b^rs, they will 
not, be entitled to work in the scieni-e '■•lub Ir boratory but. -uill be 
oliriblc to nerticipate in oil other rctlvltios of tht; oiub, 

ii. ACTIVi'tl Ml MB bSHIhi The octl’''e Mombe rs'. r'- will be confined 
to nupils who exhibit an urpe ana zeal t- d-^ ant loan loro ano 
will be selected from amongst tne ore, “nary rjeobers d- the rocortaen- 
dations ni tne snoneor and mai'bers oi thearivlsory cr.M'wlttee, These 
ricmbers will have to pay annas foirr nor month as meraborsnin fee ano. 
will be entitled tovjork in Science club laboratory. 

Activ ities ol Science clubs ? 

The group held discussions on the activitios of s Scienco 
club and suggested three types or activities wnich coulo be umer»- 
tfU'.Gn by T,ne members or a Science club, They ares 

A. C0LLtiX:!Tli3G AGTlVITiiiS; Members oj. the club shouJ be advised 
to cullectet the follawini^s 

1. Seeds,fruits,leaves,flowers,grass,firns etc. 

2. Insects ,birds,eggsjSea she11s,sea weeds,raptlies etc. 

3. Soils, minerals,rocks,herbs,crystals,fertilzQrs,©tc. 

4. Mechanical toys, models, etc. 

5. Dyes, madicines, e tc , 

6 . Photographs 5 pictures etc. 
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1-Toper errangemints shoulrl Ido i-, cto.'-e 
tbcr^ anu preserve thein. Those uctTVitias 
rney be utiuertaken by ordinary roecbors, 


(B) Wf'bKiT'f b ACTIVITIiilS j Active raertbc-rs should be nsbod to unisr- 
take thi. following activitiess ' 

1, k'epr.ration of various types of niodels. Til ustra king, 
the principle anu their application. 

2. Up keep of acquarliM, vivarim and beehivos. 

■1. Construction of improvised apparatus. 


c, Preparation of various solutions for romovinr 
various typos of stains. 


5. linn a -weather bureau. 


C, Preparation of siraplo thin's of every d'';' 
cosmetics, antiseptics, paints, nolishes, 


use such rs 
etc. 


(C j SiCCIAL ACTlVITIIiSi Both ordinary an- activo uoribcrs^ will 
participate in these activies. They loi 1.1 Ido dI tho ''olloMing 
natui'O 5- 

1. rfeanising excursions anu fjeUl trips. 

2. Arran.-:inr; exhibitions and fairs. 

3. Celebrating tho scientist days. 

4. Holding debates, discussions and loctnrcs otc. 


Ka j nt rInin R B e co rds s 

For the successful runhing of a Gcicn-e Club it Is Qosential 
that records of various programRsos and. actlvltlas be maintained 
properly and satisfactorily, ^hd gtoup .suggested that the following 
record books be maintained by all the scionm clubs s- 


uf I'ti' 


1. Record Boolr for “lembrnrship; In this Mjll 

culors of members si: e.g., naiaes, str,nar..rd, sr.bscrkot.-:on, crL.ju-ct 
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im6,ortr. CM ‘linnia bf. m,-inod 


i'j 0 




lrn; 1 oet H.icord Et-.ok*. 
nb''Iu 11 be 3 ho’\; n s 


thjin b'‘n.ll 


r L'ci-'lr 


rl' 


-' , I'lrii'r- c? I he project r 
b, i- 0 rt ic 1 nant J3 5 
a , Ila to rl-'i 1 vequired ■■ 

■1, S^jurc^'s oi‘ ratorial’ 

11 Pin oi Looks Gtc|" 

■ llo>/~up aorl etc.etc, 

t', '6 'r,'jcl ■ Cod;is ten-s. 

, Ic^-'cunfc books: 


1. Tb cfjrLl of eorrGS''ioncience; 


-■'.n:; ntbor rocord vhich is cons id'-rod 


u 


ILID.P’UlL.k i fr i ciAlties . 

A. Untrotned oponsoivS: I’nls vjoc cnalysed into too osnec-.s 

(1) i.he psychological approach to runninr of science club rct:1vitjes 

(2) lP(d' of tGchniCc 1 knowledge needed. I'he srlutinno these 

d^rriciiltios were sucf'estsd. Mention is made of tho folloylny; 

(a) Lar'0 number of seminars, conferences and work'hops are 
be in;:' held tnese days to suggest various psychological approaches 
to organise curricular and extra-curricular activities. It is 
suggested that teachers be given ample opportunities to attend these. 


(b) Knowledge and Range of Scienc ; club activities Is very 
larr-e, there would always be occasions when the teacher is Icic’ Ing 
the technical knowledge and certain things. Therefore, the tarchor 
should always have the attitude of a learr^r and treat the monibers 
of the club as co-workers in projects. He should enthuse the pupils 
by his scholarly attitude. Science activities will also need a 




V^el.f.cr v'cti:,n m the port n'‘ the ter'dvjp 
^slp^ulJ leepii te hmd Iv tlK'i;o i.nob rnd l^oer -n .^c‘ i 
joujmf'lrj crii^ beohe o' cui^rGnt intorost, 

'T’; i--' iiiv:!l.od ho d Cn.oristrale tte uc/ o 


If' 


ff ulo 5 l,ec] r-o'rn 


(i/bi lilfT'^di'TF’ rp IV,; tm,, 

<1. ‘L'hio c"n 1)0 d b,; ''■.'filif'via 'bv r-i "■p'"!';''-Mvv 

■'V 0h'c i vrj,ion nr ctu/ioni’e arv tp ^ r.iV'>nv'truv' 1' 

; tv: 0 n 0 ' Cl s ^VU13 111 lit 1--5 , 

b. I'JJ ViiGstble facilities s^nnr' b- i‘ 0 ’v'c-'-l iv tho .cirarn 
Ic clmr^ [-/art b; 'i^y net be led lo "ccl j’t 'g -t. 'v:hrr loed '"cr 

pi ’>5 for jn i'hPt cogc the x^hnlr r,uiv,osc rn'’- '''ir. of 11..; sc/jenca 
eleb vill be ififer-tod end it uill ■' ':fan''tvte iniv' ' v: ;iijoniul 
3 Cbvv closs. 


c, ^'v;Si' 0 (ijiijr ri jci .bj.; hi'bt 


In this res^pcct it vrs sLicfostod Lbr t, ciic Li.v r iv f • njf-ics 
prnvidod the club rmy be prnp‘jrly buclp'-tC'P for utilise tine by 
1-he ruinils. And the clr.ins of erch stu ont u-y b: -rcrcrly 
sorutipisod and it nay be suirested tn the-i irini-c 'OPiunity 


rosources whenever possible. 
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appeioik ? 


SAI'IPLEG tl’ nBTTdJLJTICN SHEETS Fuu WiBOi-ATOhl , 

SAMPIE I . 

•fc 

n The Density oi a Substance ‘ligher‘ than v’ater. 


■' 0 


Appratus i 
Method z 


To find the density oi a bottle-cork. 

Corv, ^lass ffleosurlng cylin er. 

Partly fill cylinaer uitn^iater, 

Read v/ater level. 

Let the cork float >n the v’oter. 

Reo'’! v/ater level. 

Push cork just under the uatGr uith a lony 
pointed instrument (c ..coma s3). 

Read water level wh^le cork is suhnxjr: er 3 . 

Calculate WiillGH’-' of cork froro dis-'^lacenent yhil^ flootin- 
Calculate YCLUifD of cork fron total 'k-spiai..>fTV 3 Pt when 
subrjierf.ed. 

Calculate DRIB IT'/ of cork. 


In no''Q“b -ok write number and title of onpt. 

Lo' vc ton lines blank and tbn record mersuromontp, onn calculations 


tnui 


First water level - 
Meter level, corl, flo-'llry ~ 
Uater level,cork sub cryed - 

Volume displaced when float Inc 

WEIGHT of corlc 

Volume dls-nlaced when submerred 


Vi OF ^ork 
Density of cork 


In snoce left blank write an exact description, in order, oi hou 
the experiment was carried out. 


-pH. S ai.«.v\d.a.TS 






APP^IIh;,X Y 




Obnemtion of a ’bioloRical s^sc-’^.^G' 


EXPi', iiC, - 'iV) exf’i'nno the ol g b:t 


i-ravr'ods A ho ad bat, 


Til a ,ao!iO"bnol :5 wito nu’iiber and title ot oiporiro,cnl' an^l t]jen 
the amvjars tn the folloi'inp: QUosttD»'isi 

(a) I'/hat iPp the lonf;th ol tlic bat Tro'' haan to L'-'-il;' 

(b! hhiat 1 g the Icnptb of each yingyhon -"nil? ptratahed out', 
(e) JIov 'omy ’flnocrs* are used to I'oer: Lhc ''n share' 

(rl) Is there a f1nr:or'"'' if so, vbrl is its shapeP’ 

(o) For oh: t ouroose 'Ucht ttiis 'fifth firi^or' bo used? 

(r) Are tlrrc any '.bathers ontheoint? 

{rO h'hat (loos the wing ''eel lihe tc touch? 

(h) Arc the uints attached to the body o" the brt? 

(j.) Arc the biiil legs attJ^ched to the t'ini'S? 

(!:) Is there finything blse to notice about the vinre? 




brav/ the vane it anperrs vjlion stretched out 
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V, 


Spmr.Ic 3, 


'Does saliva react with starch? 


Ei:??,! “ To exrfidne the action of saliva on starch 

Froviricds 3 i-.arch solution, iodine solution,test-tubes, 
Prepare I Balivu solution according to instructions. 
IJotl'odi rlrco a drop of iodine solutio-i jn o; cb of 'j 


\!C •: cl -gltisses. 

■ :’ht ’.:a Ichf Ir sees . 


equal quantities of starch nnt’ saliva solntlons in a test- 
tube; note the tioe. Using n clear glass tnUcogtr? ct a flrori of 
the Mixture and olaca In I'/atch-flass 1, Uotc aup oolanr '^•banf'o 
■-ir a Minute extract .'-nothor clr'-'C of the ;dxtura, ustnr' 


jVfter he 

a cle/n glass tube, and aiace in •\Jatcli flass P. Uotu an\ colo-ur 
change. After one M'inute fro'!! tlie tirio nd dx**ngjcrd vith a clean 
tube,extract another droo of the rAi::ture and iilacc; In ustcli glass 
3. Nole any col.our change. Hepcat the Tpoces ,each tine udth a 
clean tune, 2 win,,5 uin,,10 m&n. ,30 fAin.azter 
other oaten-"-'lasses, 


'd.giiT’ . in the 


Control cxpcp-Jment 2 - ffiest the original starch solution ot the begin- 
ning oP the experiments,and after it has been standing for 30 
minutes uhnixed wit'- saliva,(riace a sara’^le in erch of* tw' other 
watch-"lasses conta-ning a drop of iodine solution, and note any 
col'-'ur changes.) 

iirite the iiuiAber and title of the experiineni in note-borj]i,descr’be it 
and rf'cord the results in a table thus; 


Saliva Colour 


o 

cting for; 

v/ith iodine. 

con-'fusion. 

0 

min, 

blue 

starch present 

.] 

rain. 

blue 

strorch present 

1 

ti 



2 

u 



5 

II 



10 

If 



20 

II 


starch absent, 

30 

It 

brownish 


Control expts Starch solution and iodine. 


At beginning 
Conclusion 

after ‘‘'O min, 
conclusion 


(bind coloration) 
(starch present) 
Starch solution and 
(blue coloration), 
(starch unchanged; 


General conclusion? (Saliva causes 


iodine 


s-tarch to 


change 


into something else). 







LimDlX VI , 
nu- QUIZ CARUa . 
Se^raple 1 


(AJIZ CAuD 

l/hf't ia the Speer’’ oA sound in sir? 

All opixrol'us with 0 ns ms ondin^i: in 
*-serpe'shows sonctblnp^on enpars- 
bus with ■ nnriTU o;idln[; in. '"-moter* 
n] 0 f3lU'ps ; 0 ,’.ethin-■ “j e,compate 
the na!.“!Qs ’thrmoscope* rni ' ther¬ 
mo fiio tor' . 

II 0 "15 other s :i ra-i. le r na ir s, 

‘h Home tiJf, orp; ns oC the rnninly 
coDCornoc! v/ith purif^'jnf:^ Lhe blonrl. 

i. lihrt gIo merit most closely resorahles 
sociiun? 

it, l/hst oolom' is outside arc of a 
rein-hnw? 

Give the Initial letters of the 
seven colours of the rrinbow in 
order. 

6, i.ihnt instrUiiont is ued to raen- 
sure the length of a curved line? 

7, Sh'te the formula used to re¬ 
present Ohm's ,law, 

C, At whot temperature does ether 
boll? 

9, Kame the three mrts of vascular 
bundles In plant stems. 

10, llhat name is given to a wheel 
which turns about a point not 
its centre? 



1100 ft.par sec 

’'ic rose ope 
I icroiietor 

or 

Gpectrnocope 
Spoctromo bor, 


Liver 

Kidnej^s 


lotasslum 


Bed 

V.I.B.G.Y.O.B, 


Opisometer 


or V _ 

c 

35® C 


hood 5 cambium, bast 


Can, or eccentric 




APPElCiK VI 


Eb’inple 2. 


.1 . L'h. t none is fui to the place whoiv a Tlerharinii 

nnllecincn ot dfted nl/,nts is Iro^nv 

,i. Fr/! ",iany eGtr-ls iias a (nansd locrl) 
flopor? 


Viva ecici or rlkaUne 


IV. li; 


0 


'v'hot none is p'lven to the instruMent 
■lie.''Sliras toe speed of the nind? 


An j 1 C ter 


5. Are bats blind? 

'.jhat Idnd of naturally occiirin' water 
is Lively tc be the purest? 

7, Vl'nioh two eolours weVe (a)puro|e? 

(b)Peacock? 


ITo 

ib' in water 

lie" an? ' luG 
Crroen and blue 


S. bhf t are the li^idts of human audibility? 


9, ]lhot instrument is used to easure the 
insode or outside diometers of tubes. 

1' . Vanie the long-handled sharp kMfo used 
in makinc dissections. 


2C' tc^ 20,000 vibra¬ 
tions per second 
a puroxime Inly. 

Ca 111 ners 


3cf Ipol 
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Ai- r-JiiC^TX VT, 
S'lnole ^ 




Jli:'h JnstriKient ,cures the radius ni’ 

curvc.tuj'e o ' r ni'ber5e'>l 

L-'bo first uerlted eut cslculr i, i/ms fi'b'-.ut 
1 vrrr/ 

lil'iet single nord rlesen'.'be:! r r:'.i r^n 
■r I'ty n" c'ttnii, r"‘bi'ur5 sr.l/'^iur 


UOO'l 

,■ nd 

silt 


\;}jet 

arc 

tljc: 

triree 00 , 1.01 < 

food 

• 



Into 

^ 1^ 1 * 
VJII 

t do 

sc d'! blrloi 

nice 

\n n 

5 - . 

tfj,‘"lice, squirrel: 

IIoiJ 

Ill IT' 

sued 

lovers has 

1 hr ii 

is 

the ohG 'ic"l for’ 

u:lc;' 

rbor 

i‘ tfi ? 


"fr 

A/ho 

fc ‘ 0 

hleachint {. 

ll'pio}, ore the 

h:i;;hest nl 


jr-i-i hig uatts, aiiiperes sncl volts cori¬ 
n''c ted? 


d“ilior' O'. 1,0’ 

;'r■'? ‘oDdes 
■f ilSlOl'tOi* 


> ^ X M ‘ i ' .V A w I - G V j ^ 1 if p 


prr t 'Ins 
'hr/V; nt 3 


r no 




3 


olored 11 

chlor i lie 
Cirrus 
« CV 


oni 


H. K S@4xn Aei'S 




" Cull " 


Al-Pii'T'njTif Yii 


i\ coiTrcit' [)i l^'cttirGs ond prcictlcr 1. tjo}'}' cIl.tI ti'Ic JPc I/''' 

ye. c* f'Or c-t.i’iic certlfica1,3 onursi' ;1 l'\ i Iuj d'’ doj ')'i o ' 

:!n th'.' UnlverDlty m; London TnotitU'C i ■’ .vlir;rd'inn ;‘-,r hr,-'lne ■ 
tn.'.ciLcrs. Thlri inoiudGs iGctin-no, zo. ]..■ .-rntor;" 

g I Jiyiw* 

onc’l the- study o“’ Ix'stn so ton" onhj'-cJsJ ^ 


A. LdChi'U' Ili C^.U 

History end P hiloso phy of 3cic;n.'-,e; 

1. Science in the cncient ’jorld. 

2 . Copernicus and ne-vj vjorlu v' 1 g\], 

3. Ph'Sjcs and the •'lodorn vJOxld. 
d. The n; ture of nptter, 

5. The contribution of I-Tarve*’ to oclcnco. 

The contributions of Llnns-eus to science 

7, Public health and its econcmic implications, 

8, Science in the twentieth centm-y, 

II- Contents and Methodology of Science ; 

1. Alms of Science teaching. 

2. 'Changes "'n the educational ideas underlying 
science teaching since 1850. 

3. The science syllabus in relation to personal 
andtSiMlronmental factors involved. 

4. Teachniques of science teaching, 

5. A study of the topic ’water’. 

6. 'Equipping the laboratory, 

7. Varieties of teaching methods. 

8. Laboratory tnaintenaxce 
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9, Scicn'jf.' clubs end Bcieiiic:c 

IQ. 'Flolri yorl’^ sed-cv 1 vlsii^s 
raiisoiirnsj ntc. 


Librrr ". s. 

^ uxiM. 1 ! ti"n 


5 


13 . A-ipnrntus ''V^l In-'-. 


3 2, Lchorctory Dreceutinns 


11 IP leu =‘n • 


' 1. ^ 

I, (j 


;liCr 


1. Qlnss blouin? 

2. 9 y 1L' I ’ous s budy . 

'3, Lebovetory prpc1'i''c. 


E'3 3': '-ICI.bai'. 


1. A coarse 

2. /■ course 

3. A course 


3.n Bio 10 "y 

In Physics 
in Cho'^iistry, 


0 tc,elc 




Z”” 




A^l-\i"'-T)C VIII 


■'li'Y! for G"". 

1', 

ri -rlh ' 

nnh iijtrtLin:! nr^ in 

t!-' 

0 S1 .hrnl'- 

■1 hi Yn' 1nf /' r-,- 

' P -' 

n r 


37 II'I'iiir, Tn ff; tiir-; 1 ocier^!'' 
Yg? ■ .r niir go fr r hhe U 


. Po.;j€, 

J:I' I.f GY 

;;G o;.g1i ■-,£ r-' ,- hr 1.. "vi" i'X'.n. 

'he j 1 ;tiG!(t 3 '•.r fitrucfcurc: ’.r*"!' r ’ lr>G'' e.G > C-lI. 

' G''' I'l ‘I' ;' 

i h-i-ofiy itlT Is 5 chonrvs:/n+-h-?Dl 3 . Lo '-1 strncture, 

V *I * ft ^ 


. !, tiiG'-*, GT'oture hy ."'rtivls 

nn i.ii:!r'nt sto^r ch „ 


, 'I'hc rolGsse "j‘ cjicr: ,7 l>i l^vinr: (jvg-ri's^ : 

03 1 lul.? r r 0 s n if'o.i ian. 

G. "lC 3IYrtitor'’' nr^ ns in uhe r.ni ac] ' 

C» Ilospir:. t5nn in nlsr.ts - continuat irer nr '.1: nr, ntrunhurn, 

7^ C irr.-nl; tlon in rninGls, esnocinTly n . ')5-.CLjctI' r 'if ' - riolrr 
LY 6onrnct;.loo in nlnnls, Ti''nns’'’irr'tir.r- 


Ty .'Grr-uctinn in plcnts anX anijaals. The strnrturc nnG Yi;/sinlof;/ 
r,f ranniiar lloin hidne 7 , Osriotic rsrrlriloii oh tlr- interne 1 
Cinvirrrnpiont, 

i''.'. Ye--'rohuctlor in rninalsj Introduction to ;■ one tics: - h nY1 o;::; 
of niaY'^alion Rysteui^ outline 0 '‘ nni'iol jvolofrnnt» 
sox te.''iiinhY 

11. Yooroduction in nlnntsl sporres and seeds^ floral sirnef-ure 
Vnd classlficatiorij rollinntion. 

IS. Genetics^ outline of essentfcl vjorl', 

IS. Kvolution^ the evidence from s nii.ia I off Initios ^ palnorifitolofj 
and teovpaphicp], distribution. 

14, Irrlta'.illty. n,-r>rSniatlon in animals; hw.n.onar.: narv^ar, 

system. 




- 0*^0 - 


1 li, rl'' nt ] u;nt 


tl 

I'ij'ty iGctaras on i.b'or- s 


M*!' ' Ct! 

- G y-- 

rr 

T'Ctlcul uork^ the latter 

OCr-ir 

•• -j j'; ■' 1 ‘-1 > 

nr", wer'; 

ir; 

1 5-0 Id GtUfl5.C'G re In tod t' 

th' 1 G i 

"r’ 

M -TDU ‘b th,'':'!'- 

r> 
i i 

S"''udetit 9 r-ro gi'^'i-in so'’'io 

rC(\vr j 

r ] ' ! ■, r* 1 J"* 

!'b 

' ? 

: heir int,-r-r^r l-T.icnel 4 

G , r-U' 

b ' 1'' F ” 

' a" pl-.-c'!,™ 

ht 

kb nlenl, ond nnn' .fi 1 \iy 

■'g 'G 

• 4k * a 




the yori-j otn onis c- 


[.‘f. t, ri "1 

’ll ' 0 cj.tM 


nlLH'!;:,’- r,]\ "I'arrs i t’^'s I'nf'’' rnt; an ’’Trees’' 


GardeaiP'^ 

I II I Mpaii——hH» 


1 


"0 e-etings, cch oT one rnci r. h':l.‘ hours ou''rtji.u 

L-rtnre - '■’ioaonstf'ati^siG oi] the , "ollou’e" 

'•r; 0tier I vcrl-'s- 

The soil. 



’honires an’' f ortniGers. 

I r,'pr';'ot,i'_ n ^'ro.-i (i)seod, (ii) hsrn u'orJ < 100 ’ Gnft s b 
( i 1 1,} budcl i np and graft ing. 


■ - u 11 Uj. 


3 




7 


The uses of fruraes, cloches, und ^'reenhousss 
Tn addition, lecture-dlscusoit.ns O '; 
i!n0 end 11,citations of gardening -'n schools 


f.n school . 

The syllrlus, 


, The sc?ionl garden. 

T . :'l ot exp ' r iniental worh, 

4. The link with Mature Study ana General Set once. Lahoratory work. 

5, Lito’rature, Sources of material. Visual olds. 

This section also Incaiudes a c onslderation of Var-.i Studies in : he 
Secondary Modern school. In conjunction with this visits are roc.ae 
to Hartpury Farm Institute and Uhalloy Farm. And overoford. 




30 riGGtln^H, 
Term 1, 


Chemistry 

£'cb oP rr>ur l.ours hnratiori. 


L cture 

1, h'Giorj 1,0 serve ps n revision 
cii‘ so ,1 ■ torf'LS encl rn Intro- 
rl nct'i t^n hr. ones, 

, 'Olr ssiP.i or ti'- n ri" Ohe'aistry 
T1.0 1 • v‘or* ice Tohle 

, j'at Is ~ I'urjino D:il 3 ''j sluden'^s 
us>■ in schools xjhcn tr 

. .It: mi'' structure^ oui.ljne of 
ore-scut i'Jeos t'- Oohr '''odel. 
ions, 


freetier 1, 

Ua-; ..r j O'.ns b ■' tro.oi -t, Tt/di" r» n . 

P’::y; a. T-J.-'i-di- so, n 

sero:i o irrrvchj , r i‘ ‘.s'js, 

ilec1;/S ' c;» lo; * ■ nS 
i o'ortr'ncn 

c '■1 n t r ’■ le t, > n C’ 0 -, r h nf'' ;r 
rtin^ M ns i.,o 0- , 

The h'’'''r' ' '''1 iofi' i * 1 i <■" 

■buihrvi..'r.r i iji '’c’^rr' 'rirlirn 
oO iP eelr'r b istris'll;?-. 


5. Vr If' ric! y . Idoo ^ P d i ro c t ed hon' ■ s j 
electronic theory. 


C. The Sf’pf'i’at'on of Cations 


h n/ ‘ s i s f o T 2 r-r d i lo g 


7. 

Theory of the process, 

O 

■i J 0 

9. Toots for ocli'l r-dicles 


Fnrhhf.’r ? rlysf’:; o ■•ro'r<':3c1VQ 
dif f'ic nlty 

I racti e of ■’■ssts. 


Term Tl. 

1. T' chc.Tiicrl comnoenvS 

- Hydrides and oxides 

2 , f'x ides, i-Ty d i' ox id o s, Halides 

3. Sulphides end Cxy4salts. 


Gtn. y o'' the non-m't Is 
P, S, Hj Cl. Adfliiional 
nroporties of foses. 

Sumn.ary of - ncrol urO'pertlQG 
of yases, 

Volti/fietric one lysis. 

Standard solutions. 


4, Atomic structure contlni^d. 
r‘utlin'.‘ of the relationship 
hetween this and chemical 
hehaviour. 

5. ditto. 


6 , 


Catalysis - outline only, ^ 
Students to prepare as spccisal 
dis‘cl£'.y, 


Volumetric - acid, alkali 
titrations 


Yolwictric - determinrtion of 
halides hj'- silver nitrr he . 

Additionrl practics 1 rm : be sot 
acccrdixir; to individusl needs 




“ onr: - 


Torni JIT 

i’h€ or'^po. I1ei: .’j.' ' : o "rs''' 
c-'.rJoT’, -in'' " j-ic*. v 'j- 

C'T rC'rl Ifle,-; „ T'V- ‘ '‘i i- 

In'lnstr?; t I'arf l;i’-ras 3 


J'no 

(p. C' 1 

r .cfTrrjlou 'T'loch-.Is 

-rvi! -- 

M 0 

ds I Uf ffj 

, '’’l!' 'IP , ec^iplr S3 r.i" n. 

- ' “ ! tCi~ 

a u' 


olvrjO, 



■'’= ''y'Ms, r,i' rj ;,io3, s7ntlnesi. If 
f il-p'DS , 


f) s I'liC ■’] f ] Cl c IV C' In iiorc-T- ~ C ri'"'i''lc i‘5 , i f'"* vjpr'’ . 

tr^ sorv^ r sn-;.'cr of tbo 
r.ouroo . 

C. The scajc of chc^tjs:.!’/ in the eehfol curi'i’iilun, 

TVie prct-'icril iv'orh occupies tin enJ half pours or cl’. 


hroncrr -l i'' m o - o 02 " 'v^*, " 

ci'f'i:' "1 s‘’'hn f~j’ .r- T^r'' 'cc 
f- the:-' r. ^"V -r Is . 


1, Thf Glcinent corhon. hniquo 
pfsitlfMC r nd properties. Chie" 

cIr‘3S0S Ml' .its C!-'jl'V"QOf s . 
f rji nic rrc'icles. 


Gjf JJ'GT 


9.-5 ''loetin.js of one 0 hclC oours e:.ch sn 
Saturday thrcu’diout the course. 


oniriy ■■ nc 


Tc-n-i I 



Monday. EBC iJhat is c fossil? 

Gfturdsy. Berth's crust: Mm lltbosphoi’f . 

Monday. BMC VJhy fossils ''■'"o Tound on land. 
Soturdoy Minerals and rod s r r rbo 'ic^ l Torsio 

of rainoral classifiertion. 


'deek 3, Mon3r-y BBC Going ashore 

Sf turday Bock-forwirig ►■’'inor'-ls (Cl- A1) 

V/eek 4. Monday, BBC Life In the Cod-Aye forosts 

Saturday liock-for’'<\inr', ci1 nerds ( 31 - dj 

UjQ0]r Cy MoKisy BBC Reptiles conquer ui’,;UhAt 

Soturdsy Useful ninornls, ores anc voinstonos. 

Meek 6 Monday BBC Giant reptiles, rule the uorla 

Saturday Useful ores and veinstones. 

Meek 7 Monday.SBC Living tblncs ch&nne 

Srdurdoy Classifict’bion of rocks . 






- n33 - 

■''ocl: '■ , 

i'londS' , jiT/i 
3 yturdpy 

I)''i.inf' tie ro-'-ks 

3 e d jr \<ci n t c r,' r ' c 

L'ea’- P. 

'ronrlrjy. 1 j]T; 
3, ’tur-lay 

Er r Im , e y<^ , p r i’ ‘ '‘ n'’ 

C rys tp T i't ne ro elis 

10„ 

Mondry, IdC 
S turd ay 

ipes and “'Gn 

Rocks end i 1 re, 

TcTT ~T. 



lloe'-' 3 . 

kond^'y nna 
Saturday. 

Biolor-ic-] -nd OgoIo; l^--1 '-'.lossifi- 
CP ti 1 ns . 

lied- 2. 

s • 

Pir st ar,■ la st c n^ ^r' Ir' in 11 e ''c o 'J.o- 
f'ical rc3cord 

Vggt P. 

m * 

P> fossils 

'UjgI: <1. 

« a 

Ikso^^oiG fux) Tortjnc ■^■as-lls 

lieol ", 

« « 

Fiel-l \]OT\:r Lpc" lip-’pfc’ o ''ill and 

Battle.' p\in Br ’ '.d a.’Oid s . 

Term TT'd 



Vool'" 1 

« » 

Pre-Carabr'in Br.'; ’ ista'intis-.-', 

Sc'''nGry ma lyaes ol* i ro-tr''I jJ' 1.''n r’'.’ s 
e.t, Pa Ivor r. F-^lls 

VuceTi 2 

fl a 

Lower Paloeor.'-ul^ era ^ roc' s qivnces, 
life of th-j ty-ci, sosnony r. n-i scr'ro 'i 

uses. 

IJG^'V 3 

« • 

Upper Palaeozoic ora^ ditto. 

Teel-f 4 

, a 

P ie la \JO rk 5 ' [r ive r n 

lie ell 5 

a • 

Field works ksilvorn or GhGltcnha.i snnos 
ana Severn terr-ces. 

lieek 6 

• « 

Mesozoic era 

Vieek 7 

« « 

Tertiary era 

lleek 8 

« 9 

Quaternary ora 

■pV-i xr<7, "T ^ 

30 

meetin:3 of 

rL±^ *:i —t.. o 

four a.ni j.' liolf kou'’s. 

Terra I. 

1 , What 

is Physi^’^s? 

Orlsib. developiaent , 




‘'i» ll'iy.jjcs ■ s tbt; s liUUy ol rnossnrenient. '"'"rit''1 niiPrit. tler;. 

uc 3.x un1.t;r> L'G'turids oi '''lOoniTxr!.' ° ■”'* ”'’‘'’1, f no "ii 


o 

f f 


iby.jUCf] fis th b sduo,_y c)i 

anci i-nuer-reUtionships. 


d 'Ui'pcjs ri. eneTT'^; lV js n^turo 


4. fho phyjjics ox I'UTSic. (a) Wpve-rfiotion - osGenoj.'! '! tit: p.-rtiert anu 
how t'.iiwy aro llLuotreted by nuund, J-.dtcji, l.rufinoss^ qurliby 

5„ inw physxos oi nusic (b) Sastrurrfciios ~ ciiej. 3 ? nr.!,ncinles aru 
prLjpori'.lb s , Human voice anu ear. 


6, Funupnenitals of magnetism and electricity. 


7. 


lillornentary ,C . -lillectro-magneti r* induction an' the P ,C , 
generator. R.j'i.b, values of current ana volt'-'C. 

Fund a men r, 8 1 g of optics, Iropa^atioti of li? ht, ■‘nurc'' 5 , reflection 
re Traction, lenses. 


1 


P. The nbotc'grap' ic comera. (a) The lens - det-. ilcd function 
rberretions. 


10. The photogro ohic c.-'rnerr (b) St'-ps an" shutters, vje \7 and 

ranpeTin ers 5 filers, sue c ir, 1 cr meres . 

11, Otli^'r optiC'-'l Instrument . j-roicctor, tclt-jsc.-pc. tuIcrDscone, 

binoculars, eye. 


Torf"i I", The comnosition of the olectm-maf^nutic suectrun. 

1, Gamma-rays. Source, nature of fission and radioactivit-, 

F, 'li ~ rays Source, properties, vJorK of Tlontren rnf Moseley, 
structuf'e of the atom, energy levels. 

3, IT,?,, Visible light, and I.Il. Sources an' -'roportics. tynas of' 

speckro and use, origins of spectra. 

. Radio \jEVos. Source and reception, olemenkary radio, 

5. Preludo to teaching practice - suggfstions on specific oroMems 
concerning students. 


Term 


III. 


1. Slements of mechanics. Pulleys, levers, gears. 


O 


Physical properties of liquids with particulsr r^'ference 
Water, ?"Gchonlcaij density, pressure, hydraulics, 
surface tension, viscosity. 


to 

flotation 




’borf'T 1 


jpertv.rj o” linr 


nv -nT’a[ti''in - :i n?. iuf'’Inr I'e^ri-orn 

l;y, 

Ultrr.^j-inlcs . Filmnnl • Iscusslon. 

5 , Colour« Iloturo, orobnctinn, C'.l'-'ur 

^ cbiO'ilo"! rill'cct; ol' '"'n ultc'r'io 

r.tvj 1 :bo Of'in lr:n?:.nc'? o 1 * .''oomnl ■ 1 ; 

7 , ■■ITo'iiontr ry r 

j, Furtlj'j r 0 Ion , i'cM'o dotr- ilcd 


T’l'-nnion; ■f’iif. rr' oc st''-ie , 
Lj'n, V"M^r r-r-ssure ^-nn 


viGlon, rolnn:' '■riniylny. 
ouTToni., Ti^club-nr (‘dig 


T'/l/j'u ;jtr r cy:jt'= '3 f m/ n-o-.n, 
"ii’^ n1'1 0"' i.i’ir l'' IliM' 


CDV'oroil ; j-iovo-, 


I'hT'Of; bourn Pbclj ■'v.jog'! 'ob 
''Gs'nnou on on in I'lnv'lnf I hr sin 
I r I'lbF '‘iTan vfir’Jin"' on n'ldcTy. 


e 'o n! i f ;j i s G g s s c nt i r I nr i nr 1 ^ > 1-. s , 
rlj 'onntrrtions . r i-tontion. is 
r.ctiVIt.y hy c Ir o sg s o oiit •■■ ' nl n; 


,ro1 ob i.o 'T'o I'-t.c"’’ vor?' "o-icl is 
rccordlnf 7 rnf'j, ?bo Ir.-i" I'O’irv'" 
TliG ejcrc r? "n'liis r ro '■b-s ■■ io 
volu!. bln t jcJti'l.,-.uio;‘ 5 on'- sullrlle 
slso 0 'r.',.n 1 ; ’joa'l c"‘itf ’ le bor yt'm 
oh:! Irtrrn u'ido 1;,/ 'l■' If or 'I'l;-; ; T;‘i 1 Ity 


rnid -Vl- limbir.n. 


In nciclitlon, eroli sl-uoont is oxnooted tc' orftnrro '' dotrllGrl 
sells ;e of \i 7 nrl:, ineiudin'j; Oo-nonst ■■at? rn rinenfcs r-nb outllnQ 
lossrm notes, on a select'.’d tonic (List rvailahle on r nlicr-tion). 

Ourlne Ter'n JTI, short courses in Practical Photcyr?'rhy and 
hloirentrrv ‘'eteornlogy arc held at times to he arranj-fed by rautiir<l 
e-sreemont „ 

The Philosophy and ITetb'O ~s of Sclonce, History.of.Sc lM^c . 

^0 M'UTTNPSj' EACM CF THREE qUARTKBS CH AH HbUTi. 

The rltTi is to stisuulate thouf?;ht about tlio tiatur© 3016000 , 
Except in the section dealing with the Hlstoijyrof scionce, the 

lecturer discouraRos the idee of taking notes for mewlsing and 
reproduction. 
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1. l.'liPt 5s Gcienc'O? Gnn-ent nrri ei.:na. Pi'-V.i.i 
Alrn.-B nni of nc.ience. 

Bclontiflc ^lothnf . The nf'J.n stoa-s. 

, (P3 s G rvat i r- n o nd records. 


i-iyo'-j i.hesG! 
historic ; 


rar 


ITcturc. 
■or to nee 


tudv 




lO'.iG s-’inelo COS' 


UToerirncntal tostinr: of hy-'-nih-'^sen. 

7, Scirnco on' i yf he.matlds. 
g’go His tor,/" of Scienc e 
■i . Aorl” rail clj-ssic science, 
f. I le d J.ac VO. I j d e a s , 

‘I, ii'ie foim'a tioin o"'' ‘'ejchanics, dnljleo ' nd 
■t. CopoiT.i'’-us and astronDny. 

fj. 'i.i'i .0 rTovth of ch'•’'istry. The r/hln-ist n tiioory. 
.mole cr'liis 

f. He; i- I'r/' Hnerry. 

7. Hlcctr'.city. 

. Eiologicrl developments; modic''! aro'li'-m^tions, 

T, Bor-f-ir end Evolution. 

10. 'Hie revolution in Modern physics. 


other 


->1 


S '1-0 


pf 


. trend 


Statistics 

25 meetines, each of thee-tjuerters of hour. 

1. Ideas of iTohability. 

2. Simple calculations of chance, i.ncludinE oxanuaco from p/jnetlc 

3. Illustrations of probability in modern science, 

4. The problem of marling. 

5 Bistr.ibutionsj Gronhicul reprosentstlon. Son® tyiies oi 
distribution. 

6. Control terfcncies. Keen. 




» GZ7 ~ 


7, S tr>nclM’d rloviti ti nn, 

Stcn/lardiontlL'n of laaarlrs cnc' scores. 

9. Bjno'iial snci nnrn’al a istr^'butlons, Use of trUi-.s. 

10. Cr>rrcI p tlon. CalculF-bion by nrod^K-’t ~ "Hp^iioniS p.nO 1 rici^ot:*cn 
o" otb^^r Methods. 

Id. 3-‘rnificpnco r til In ernrcttation oj' cerroUi tics . 


17, Se.niplinp, piu’ g; n ling errors. 

10, Error of 'qom of observ? fcions. 

li‘. Cbi ” squpre';i test ; nd sc'^o ilcr of oth-'-r -‘r^'oef ures, 

The- treati^iGnb of p 11 this ncterdr 1 has ro tj'o -,0 sclr'il 'u.o 
f nil is 0 asenti r lly si nnle, 

Visual Aids . 

Section I. lion-projoctod r.lds. Uisnlry onf Loyut. 

17 fneetinps G?.ch of one nnl v hnir hours '’uroti^'n. 

The alms of this Section ores 

Study o.nd nrocticc in the use of coldur, nattorn and tnzture 
Enlargement of skill in tho use ol' lotto ('Inn rn- brndvrlting 
Developrent of olservation and free drruinf skill. 

1. Introduction to materials end discuGsion of vork. 


k. Handwriting practice, Ue-onstrotior^ precodes practical 

3. liking of simple folder to '^ontrin course work. 

Samples of simple folder and bookcraft dist-lnyecl ond explained 


4. Simple lettering. Proportions of letters. Spacing. 

5. Play with colour. Tints ana shades. Use of jirlmorlos in mixinc. 


6. Proportion end Contrast experiments, V .lue of coun'corchonge. 


7, Use of pat^atnand texture. Hairing their own 

8, Use of pattern and, texture. Design from collected ci-;terlals. 

9, Production of Visual Aid for teaching sosb© aspect of science 
using cut-outs and cut out Lettering. 




/CiOCi 


10 irocuct.ion dl' a ScioncQ oisuL 
r.v Tfin-Ictterinr . 


v 


■’'J 


i roem.^ ‘■Ml .... 

■■orusli or |fin-lctterin,_ 

TUC r.l.^er '.^ac in (Vj I'.ove I-; con.l<ior..-i ‘'= 

eX'jrclna ‘'no layout, 

aoction II projected = ids, 

7 >--oetinos eacb of Uireo-quar^-rs oi ' ,oriatu ■ loeeo 

fonooxS;- by the uee of eciU’-fPSot at ■ PI • pt 
iilbi’oiv-'br.ut l-hc course. 

1. iiplsc.i'^o. I^rinc-iple on^' ws-s. 

■?,. Diacerpe, Ufht, Uo-.., 

Film our slWe pro3-.Gtors. 

, Film str i-ps find film 

. an*5 00 unci . ilms , 

5. Cine-flire proacction. oilent 

e. The nnelyslnp cine - 'rojector. 

7, rjoreens. ^ ^ r-r the course, -ni hot^; 

flnfl TI ere heW at the 1^^?;^’^’?.'’,^';; '-fP ,,•(• tfeucuini; pr: ctreo 

Boctions T and II st^(5ents bejin the->i rcr..- 

arc coniplato^ dciuj-^x 

ttt Practice! Photoyraphy. 

. .f>,-T- q-iecirl out’oo.se 5. 

^ The coitere; mDaifioatione for S, ■ 

X tvr«s ™a their roBpoc cl- u.e„. 

o. Film. The airrereot types -n 

.. TUc process of flevelopment; fittny 

Printing and glazing, 

0. Enlargement. . , • hr-l'' hours duratinn, to he 

r- o nsptinps each ob onci < n. 

F maximum of o ^ - .. 

devotea to this norh - 

J-.S r,r a seloctxon ot CnllonUla 

A crttloal examination o a set *>,0 oeo.-l., 

IS Practlco. 

Tia^ r^f Materia 

-- ^Ttoir hours rluratlon. 

20 meetings, each of ns and a hal. 

Term I. tfood. 




Tyrn I. 


\’J i' orl 1 


1. Tlaturc Df\cQr.r'inn wooOS". t’olp. nmlc c.’ .^'rat^-n 

(L'Cture-rj.-innstrrt'lnn) ' i - ■ 


“ J> 


j-i'i-nii iiLI'tu.ijTi^ ’'^r'I’lriiig' cwt’fc^nf' (tjic l,n<^ 1 n-' it ".rctil.r'.i' jVii 

Tor hon.G nso„) Dg'‘G nstri-"'ti mi an/- i-r. ct.-icai, 

L* i i-ifY, \h)0C^ "to ’'/no^l" iir .1 Unr'', scrGii'in'"'. 
trata’on a;,,5 aractlccl. 


■' „ Gr bs GTiJC■fcirjii n f tible ari'lclo ii tHii; 'inf’aj'f’j; 


^ » 


liicroficapc Imx, foT' G-r''''iala 


T, bi In' 1 g d for conatrrctlonr 1 ^urpos t - I-: I'O""' (, 1.''•* i uro - 
do 'iorr>tratiC)n; 


G, "nnlrulr-LMon o” shaet mot'l. f; r’:in', auttin: 
(Uf'iiioriJjtr? i,i.on ana r.ij'-ctlcr'i), 


’ la ' n-' p 


G. Fl'rin nctrl to nGtal, :olp-;rin'‘, rivctln; , ^ vol'Gn'. 

(i>: >:onsOration -nf praotlaal) 

met''! to non-netrl, orillint', ocee'jirv,, ■''Ooin'", ri>;ot.'‘n, 
c.rl ho sivcs. 

(D‘".onayrabion one! practiGoi} 

0. CTnmi’lotlnn of rl-jovc anJ consbruction of s-’cll actr 1 tra". 


'forr-i Glass, 


1. Tynes of plass? noda of cnttiny - file air’ ]'Oc I'jiro; tbr I^Ioyj 


3 


pipe 


(Lecture - deif'nnstration rollovje-] by brrrtlcai) 


The union of tx/o and three pieces of '"i £,,53 r>f equal dirncter'U 
G.r;. latterly making T-pleces. (Lecture clO‘"’onsl'rf ti^n followed 
by practical) 

The union of tv/o pieces of glfss d" unequal dic!mei''r, B-nllnr 
glass tut'ing. (Lecture der*iciistration follo¥od by practical), 


Serling gl&ss tubes, bloi^lh^^ bulbs, dratJny out :k ts, r<rd:liif a 
small flask (Lecttttpe derionstrs-tlon followed by ora c ties I, 


1 

‘ y » 


5, Completion of above. Practical er.exciscs on g '-working 
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T''.i7'n 1 1?' '1 fc'" o, 
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Sttitr^niont oi l^'llr.y by tho Crovcjrnt'ient of jui-i"' iyj 


ucicnco rnd dnlontiric rasnirrch 


• Page % 


A ntrliiMcni. Indii'.-itiny ’in'iry r'‘ tbo Cnvnriiniunt jji(VX 
yiti’i rnyrrd Lr cni iic'r. rn* V’’!'A*y"in I'rT/'riii'ch (z :nnr'nn'!t'’ 'lo 


'bj-oh i-j, ]r;ri 


lA in 


i'f'ooluti''.n rl/p. d b. fni-'i Ijnih !A uses 0^ iirliwem; 


rir -n 

P J. V 


LnsUnrj -ori-iiote, r'n- in. by : 11 r ^lU’Dro^ir in rnc'iis, 

cnltivatir-n c‘ ndinnoLj .''.y' Gniontifir I’nG'.^rrc: in ^ 11 ilG 
ggiVgAs - nurc Gi'rn.ininnl? 

ii. ?lO nnoure rn cr’ccji'f'te Gn.r.-iy^ ’flthin 'nn cr-nntr;'^ of r ^sepreb 

GoientiStG nC tbf hlyhcct -jrp.lity, -;v' to rfTCoyiiiGe tbeir vori: 
&G :r iy.'Or L,f ni, G^anoiiGnt of tbj strength nf the notrms^ 

Hi. Tn cnenurp; ■: onci nith 'II n-ossible onoeo, r,rG'gr*'"EriOP 

Tor tin: tr- Inlng oT sclontific rnd tenhrJ'\pI rOGonool. on n 
SCO In crbninci'j to fulfil the nmintry’s ineeds in science and 
educctiojt,^ noriculiu end industry onp defence; 

iv. To ensure that the creatiyc L'Icnl nf j.en r-nd vjoMsn is ■in''Ourr';Gil 
: lid finis full sc sue in scientific acti'ity;^ 

V. To nGoura^'e individual initiative for the acquisition and iis- 
GGrriination of hnovledge, and for the discovery cf new linowlodge 
ill an atmosphere od acade’iic freedom;, 

vi. Anri, in ^nneral, to secure for thx people of the country all the 
benefits that cm accrue from the r-cquisition a nf application 
of scioatific Imoyledge. 




A LIGT 0''’ (MiiTiiiVJ, 0 FM’jnirT, JJiBCuAVOM j: 3 0. ;irAi3 CF :Im*L':( l968} 

R^P . page, ii & I 

S]nr,, Kf.ib of L: Moratory. Locrtion. . 


1 , ifetlancl Chew’.lorl Lo'bor^tcr]?'. I 


'Onc’, 


Funorrant-'l rn'i o rljpfl in search 
cov'iaina t,ho rboio fl’lf': of 
chaMlstry i'r-r 'jfliich ot’ori 
sooci'A Inef ' ti'jll.tu'ns have not 
boon sot up. fho Ift:lonaI 
Colli'Mtioii 01* ‘’’ypo Ciilrui'o ifi 
hr^usif ''n tbn Lritfir'‘tnry, 


2, I'l't iona I Phys j c a 1 
Laboratory. 


Hco; Dolhi Hosor.vh .In oroblinc relatin'' t 
physics, bntb j?uiT:imcntr 1 rnd 
r'pr:lie\ Friiatenanc':' cf stariM- 
dards. Teslin facUitics 
arc ales cvriLble, 


3 Central Fuel Research Jcnl@ora(Bihi 
Institute, 


-1 .Contra I Glass Ccinnic Jadavpur 
lUjsciarch Institute. 


5, Central Food Techno- l-b^'sore 
logt-cal Research 
Institute. 


6, llatic^ml Metallusgical Jamshedpur 
laboratory. 


r) Fund' i’QC-ntnl jcr-l lor-iliecl resorrch 
■'Yi .Cue Is " srlid. liquid rnd 
yrscous, Ihysicrl rnf' chcnical 
surveys of Indian, carls are 
ceminoted thrruph six coal 
survey strt^ions unaer the 
Institute, 

Rosoarch on different aspects of 
glass and coramics, pottery, 
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ahm-fij: f;cutj e r 1 v n synthc ti c 
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de noG it i or. a nd c n y lie a nr oB In m , 

■''imd’’ leni. I rnd ''•■nliod r - 
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of cure salts5 rodnetiDn 
cost of nroduction5 cunnonic 
ttili-atlon oi Lyprodiucts of 
salt raonufreture. 

Research on netbods nf Minin;:^ 
safety in ntnun rnci nine 
machinery. 
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